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INTRODUCTION 
Object ive : 
The ma in t h r u s t of t h e i n s t r u c t i o n a l p r o g r a m m e of M . P h i l . 
Remote S e n s i n g A p p l i c a t i o n s i s to i m p a r t k n o w l e d g e of Remote 
S e n s i n g A p p l i c a t i o n s for t h e m a t i c m a p p i n g a n d of d i f f e r en t 
t e c h n i q u e s of r emote s e n s i n g . The M . P h i l , c o u r s e c o m p r i s e s s t u d y 
of the t h e o r i t i c a l c o n c e p t of r emote s e n s i n g a n d t h e i r p r a c t i c a l 
a p p l i c a t i o n for n a t u r a l r e s o u r c e s e v a l u a t i o n a n d t h e m a t i c 
m a p p i n g , t h e c o u r s e s t r u c t u r e i n c l u d e s t h e o r y p a p e r s , l a b . c o u r s e 
a n d d i s s e r t a t i o n . T h i s d i s s e r t a t i o n i s i n p a r t i a l fu l f i lment of 
M . P h i l . d e g r e e in Remote Sens ing A p p l i c a t i o n s . I t p r e s e n t s 
Remote S e n s i n g A p p l i c a t i o n s wi th p a r t i c u l a r r e f e r e n c e to geo logy 
niid gooniorphology In p a r t s of Ayr.;i tllsLrlcL, ULLnr I'raLlcT.li a n d 
B h a r a t p u r d i s t r i c t , R a j a s t h a n . 
Area and Locat ion : 
The s t u d y a r e a f a l l s in p a r t s of l a t i t u d e 2 7 " . 0 ' to 
2 7 ° . 3 0 ' North a n d l o n g i t u d e 7 7 ° . 1 5 ' to 7 8 ° . 0 5 ' Eas t a n d i s 
i n c l u d e d i n s u r v e y of I n d i a s h e e t n o s . 54E a n d 541 c o r r e s p o n d i n g 
to P a t h No. 1A6, Row No. 041 of t h e LANDSAT 5 a n d P a t h No. 28 
Row No. 48 of t h e IRS i n d e x m a p s . A d m i n i s t r a t i v e l y a r e a i s 
l o c a t e d i n p a r t s of Agra d i s t r i c t , U t t a r P r a d e s h a n d l i h a r a t p u r 
d i s t r i c t , R a j a s t h a n ( F i g . 1 ) . 
Means of Communication : 
Agra d i s t r i c t of Uttar Pradesh and Bhara tpur d i s t r i c t 
of Rajas than are access ible by road , r a i lway and a i r . These a re 
connected from Delhi through National Highway No. 2 which passes 
through Chhata and Mathura . Agra and n h a r a t p u r are also 
connected to Delhi by the Centra l Rai lway. Agra is 88 km away 
by road from Aligarh and approachab le by l ink road which is 
connected to NH-2 a t Mathura . Bhara tpur is about 115 km away 
from Aligarh and can be approached by road or t r a i n . 
The important set t lements of the s tudy a rea a re 
TaJganJ, Agra Cant t , Dhanaul i , S a r a u l i , Dayal Oagh, Gajaul i , 
S ikandra etc in Agra d i s t r i c t and B a r a k h u r , Sewar, T ih iya , 
J agh ina , Madhoni, Aghapur , Hanera, Uarso Kuma e t c . in 
Bhara tpur d i s t r i c t , which a r e well connected by a l l weather 
r o a d s . Agra is the neares t a i rpor t se rv ing the a r e a . 
Climate : 
The a rea under s tudy h a s a cl imate of monsoonic type , 
hot in summer, hot and humid in r a i n y season and cold and 
foQSy It^  winter , oxporlpnclng nn average nnnunl r a l n r n l l of 
500 mm. The summer t empera ture in p l a i n s is a round 45°C while 
in the winter the minimum tempera ture occas ional ly touches 
freezing po in t . The ent i re a r ea comes under the influence of the 
South-West monsoon and the major p a r t of the annua l r a i n f a l l is 
received between June and September, winter r a i n f a l l is small in 
q u a n t i t y . 
* 
Table 1 Monsoon and Annual Rainfa l l 
A v e r a g e a n n u a l 
( mm ) 
656 
672 
r a i n f a l l Monsoon rainiall 




Bhara tpu r 
* Source Ind i an Meteorological Department. 
Flora : 
The n a t u r a l vegeta t ion which covers the s tudy a r e a h a s 
an admixture of typ ica l angiospormic spec ies . 282 anglospermlc 
species have been recorded from Keoladeo National Park 
(Bha ra tpu r , Raj . ) out of which 91 species are a q u a t i c , 
predominant ly of the Paspalum dis t ichum. The Potamogeton 
c r i s p u s , P .^ nodosus , Nagas minor, Va l l l sner ia s p i r a l i s , Hydri l la 
v e r t i c i l l a t a , e t c . from the major submerged vege ta t ion . The 
vegetat ion of the remaining l and mass is dry deciduous and 
s c r u b y . The important species a re Acacia n i lo t i ca , A^ . 
leucopholoea, Salvadora pcirsica, e t c ' g r a s s l ands a re ex tens ive . 
Fauna : 
A va r i e ty of domestic and wild an imals a re found in 
the s tudy a r e a . Specially the an ima l , wild animal and b i rds 
a re to be seen in the Kooladeo National Parl^ ( Bl ia ra tpur , Haj. ) . 
Birds a re major source of a t t r ac t i on to the p a r k . Altogether 315 
species have been recorded since l a s t seven y e a r s , of which 106 
are migran t , 75 local migrant and 134 r e s i d e n t . The r a r e s t 
migrant i s tlie Siber ian Crane ( Grus louoogcranus ) , for whicli 
th is pa rk is only wintering ground in I n d i a . 
Reptiles a re also recorded from the Park among them 
Turt les and Pythons are the commenst one . 
The scrub land vegeta t ion suppor t wild an ima l . Wild 
boa r . Ni lgai , Sambhar , Spotted deer and Black buck a r e the 
common wild animal found in the p a r k . The Hyaena has been 
recorded . The Pan tha r was also present in the pa rk t i l l the 
ea r ly s i x t i e s . Recently one Pan tha r has been seen in the p a r k . 
LOCATION MAP OF THE STUDY AREA 
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AN INTRODUCTION TO REMOTE SENSING 
Remote s e n s i n g i s a t e c h n i q u e of s e n s i n g an object 
o r . t h i n g wi thou t a n y p h y s i c a l c o n t a c t . 
The E l e c t r o - M a g n e t i c R a d i a t i o n (EMR) r e c e i v e d or 
t r a n s m i t t e d by t h e ob jec t i s a n a l y s e d to r e c r e a t e i m a g e of t h e 
s c e n e t h r o u g h m a c h i n e p r o c e s s i n g . The i m a g e i s i n t e r p r e t e d 
t h r o u g h l o g i c a l d e d u c t i o n s a n d c o n v e r g e n c e of e v i d e n c e from 
r e c o g n i t i o n e l e m e n t s for e n v i r o n m e n t a l a n d n a t u r a l r e s o u r c e 
s t u d i e s . 
Electro-Magnet ic Radiat ion : 
E l e c t r o m a g n e t i c r a d i a t i o n (EMR) i s a d y n a m i c form 
of e n e r g y which i s p r o p a g a t e d a s o l o c t r o m a g n o t i c w a v e s (IvMW). 
The w a v e motion of EMR i s a t a v e l o c i t y of c = 3 x 10 c m / s i . e . 
v e l o c i t y of t h e l i g h t . The EMR t r a v e l s i n a h a r m o n i c s i n u s o i d a l 
f a s h i o n . The EMW c o n s i s t s of s i n u s o i d a l e l e c t r i c w a v e s (E) a n d 
s i m i l a r m a g n e t i c w a v e s (M) wh ich a r e a t r i g h t a n g l e s a n d both 
a r e p e r p e n d i c u l a r to t h e d i r e c t i o n of p r o p a g a t i o n ( F i g . 2 ) . 
F i g 2 : E l e c t r o m a g n e t i c w a v e ( s o u r c e : C . P . Lo 1986) 
I ELECTRIC FIELD 
{ i { » - Z 
D I S T A N C E 
The EMR equat ion is c = f X 
where, 
c = Velocity 
f = Frequency X = Wavelength 
Component of Electro Magnetic Radiation : 
The Electro Magnetic Radia t ion is cha rac t e r i s ed by 
wavelengths which l i e in different r a n g e s . The most p reva len t 
un i t to measure wavelength is micrometer, i . e . urn = 10 m ( F i g . 3 ) . 
Fig . 3 : The region of Electro Magnetic spectrum (source: Lil losand & 
Kiefer, 1979) 
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The names ass igned to the port ion of e lectromagnet ic 
spectrum (EMS), such a s Cosmic r a y s . Gamma r a y s , X- rays , 
Ultravqj let , Visible, I n f r a - r e d , Microwaves, T.V. and Radio wave 
e t c . a re based on the method of sensing the different types of 
r a d i a t i o n and not on the differences of energy c h a r a c t e r i s t i c s of 
the va r ious wave lengths . 
Region of Electromagnetic Spectrum : 
The Electromagnetic Radiation (LiMR) whicli is used in 
the remote sensing include wavelengths from 0.3 jam to a meter for 
convenience of descr ip t ion . The EMR is referred as v is ib le 
( 0 . 4 - 0 . 7 ;nm) , n e a r - IR ( 0 . 7 - 1.3 u m ) , m i d d l e - IR 
( 1 . 3 - 3 )um) , t h e r m a l - IR (beyond 3 «m) . The w a v e l e n g t h 
r e g i o n 1 mm t o 1 m i s r e f e r r e d a s m i c r o w a v e s . The v i s i b l e 
p o r t i o n of EMR a r e g e n e r a l l y r e f e r r e d a s b l u e , g r e e n and 
r ed . The blue l ies between 0.4 um - 0.5 pm green l ies between 
0.5 jam - 0.6 um and red is from 0.6 jum - 0.7 Mm). 
The wave lengths smaller than v is ib le portion a r e 
u l t r avo i l e t , X r a y s , , Cosmic r a y s and wave lengths l a r g e r 
t han the microwave arc television and r a d i o wave and t e l eg raph ic 
waves . The different names ass igned to the portion of Electro-
magnet ic Spectrum a re based on the method of sensing the 
different types of r ad i a t i on and not on the difference of energy 
c h a r a c t e r i s t i c s of va r ious wave longti i . 
Bands Used in Remote Sensing 
Not a l l the Electromagnetic Spectrum region a re used in 
remote s e n s i n g . A very small region of the spectrum can be 
perceived by the eye and further l a r g e region can be detected by 
photograph and s t i l l fur ther l a r g e region can be detected by 
opt ica l mechanical and electronic dev ices . 
1. 0 . 3 jmm to O.'i jam : 
T h i s i s p h o t o g r a p h i c u l t r a v o i l e t b a n d a n d i s 
t r a n s m i t t e d t h roug l i t h e a t m o s p h o r o . I t io d o t o c t o b l c with film 
a n d p h o t o d e t e c t o r s bu t a t m o s p h e r i c s c a t t e r i n g i s v e r y s e v e r e . 
2 . O.h jam to 0 .7 nm : 
T h i s i s t h e v i s i b l e r e g i o n of e l e c t r o m a g n e t i c s p e c t r u m . 
I t i s c a l l e d v i s i b l e r e g i o n a s t h e h u m a n eye i s s e n s i t i v e o n l y to 
t h i s r e g i o n . I t i s i m a g e d wi th film a n d p h o t o d e t e c t o r s . T h i s 
r e g i o n i s u sed for b l a c k a n d whi te a n d c o l o u r p h o t o g r a p h y . The 
maximum amoun t of e n e r g y i s r e f l e c t e d a t 0 .5 jum which 
c o r r e s p o n d s to the g r e e n b a n d a n d i s c a l l e d the r e f l e c t e d e n e r g y 
p e a k of e a r t h . 
3 . 0 . 7 Mm to 3 .0 ^in : 
T h i s i s c a l l e d r e f l e c t e d i n f r a - r e d b a n d a n d a r e 
r e f l e c t e d a s s o l a r r a d i a t i o n s t h a t c o n t a i n s no i n f o r m a t i o n a b o u t 
t h e r m a l p r o p e r t i e s of m a t e r i a l . The b a n d from 0.7 to 0.9 um i s 
d e t e c t a b l e w i th film a n d i s c a l l e d t h e p h o t o g r a p h i c IR b a n d b u t 
t h e r e s t from 0.9 ^m to 3 .0 pm a r e not d e t e c t e d by p h o t o g r a p h s , 
i ) Near IR Band : T h e r a n g e i s from 0 .7 lam to 1.3 u m . A 
p o r t i o n of i t c a n b e d e t e c t e d by f i lms w h i l e the r e s t c a n n o t be 
d e t e c t e d by fi lms a n d can o n l y be d e t e c t e d by o p t i c a l a n d p h o t o -
v o l t i c d e v i c e s . 
i i ) Middle IR Band : The r a n g e i s from 1.3 to 3 ^im. I t i s not 
d e t e c t e d by p h o t o g r a p h i c f i lms b u t c a n bo d e t e c t e d by o p t i c a l a n d 
p h o t o - v o l t i c d e v i c e s . 
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A. 3 .0 iJLtn to 5 ;um and 8 um to 14 jum : 
I t i s c a l l e d t h e r m a l i n f r a - r e d b a n d a n d i s d i r e c t l y 
r e l a t e d to t h e s e n s a t i o n of h e a t . I m a g e s a t t h e s e w a v e l e n g t h s 
a r e a c q u i r e d by o p t i c a l , m e c h a n i c a l s c a n n e r s a n d s p a t i a l v i d i c o n 
sys tem b u t not by f i lm. » 
5 . 1 mm to 1 m : 
I t i s c a l l e d m i c r o w a v e b a n d , t h i s l o n g e r w a v e l e n g t h i s 
c a p a b l e of p e n e t r a t i n g t h r o u g h c l o u d s , fog haze a n d r a i n . 
I m a g e s c a n b e a c q u i r e d i n t h e a c t i v e a n d p a s s i v e mode . T h i s 
r e g i o n i s d e t e c t e d by o p t i c a l - m e c h a n i c a l s c a n n e r s . 
RADAR (Radio detect ion and r a n g i n g ) : 
I t i s an a c t i v e form of m i c r o w a v e remote s e n s i n g . 
R a d a r w a s d e v e l o p e d a s a mean of u s i n g r a d i o w a v e s to de t ec t 
t h e p r e s e n c e of o b j e c t s a n d d e t e r m i n e t h e i r r a n g e . ( T a b l e 2 ) . 





































Atmospheric Windows : 
The spec t r a l regions for which atmosphere is t r a n s p a r e n t 
are known as atmospheric windows. 
Rayleigh Scat ter ing and Ozone l a y e r absorpt ion a t t enua t e 
the r a d i a t i o n below wavelength 0.3 /jm and strong absorpt ion of 
EMR around 1.4 and 1.9 jam wavelength due to water vapours in 
atmosphere leads to energy b lockade . The atmospheric windows 
a v a i l a b l e in the spec t ra l reg ions a r e given in Table 3 & F i g . 4 
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Fig . 4 Atmospheric windows (source : Li l lesand & Kiefer, 1979) 
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Energy Interaction in the Atmosphere : 
All r ad i a t i on detected by remote sensing pass through 
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some d is tance in the atmosphere. The t r ave l l ed dis tance is 
ca l led pa th l eng th . The effect on r a d i a t i o n imposed by path 
length a r e changed in the in t ens i ty and spec t r a l composition of 
the r a d i a t i o n . These effect a re cause p r i nc ipa l l y through the 
mechanism of atmospheric sca t t e r ing and absorp t ion . 
Scattering : 
Atmospheric sca t t e r ing is unp red i c t ab l e diffusion of 
r a d i a t i o n by pa r t i c l e s in the a tmosphere . Depending upon size of 
the p a r t i c l e s in re la t ion to wavelength , th ree different types of 
s ca t t e r i ng a re observed . 
1. Rayleigh Scatter : This type of s ca t t e r is developed when 
a tmospher ic molecules a re much smaller t han the wavelength (P<''^) 
The effect of Rayleigh sca t t e r i s inverse ly propor t ional to the 
fourth power of wavelength . 
Re o< 1/A^ 
Hence shor ter wavelengths a r e sca t te red more than the 
longer wavelength and th is r e s u l t s in the development of haze . 
Blue sky is also due to Rayleigh s c a t t e r . 
2. Mie Scatter : I t i s developed when the atmospheric pa r t i c l e 
diameters a re essen t ia l ly equa l to the wave length . This type of 
sca t te r tends to influence the longer wave leng th . 
3 . Non-selective Scatter : This t akes p lace when the diameters of 
the p a r t i c l e s caus ing sca t te r a re much l a r g e r tlian the wavelongtli 
being sensed . Water drople ts cause such s ca t t e r and sca t t e r a l l 
v i s ib le and near to middle IR wavelength e q u a l l y . 
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Absorption : 
I n c o n t r a s t to s c a t t e r t he a b s o r p t i o n r e s u l t s in the 
e f f ec t ive l o s s of e n e r g y , t h r o u g h t h e p a t h l e n g t h . The e n e r g y Is 
a b s o r b e d by a t m o s p h e r i c c o n s t i t u e n t s l i k e w a t e r v a p o u r , 
cariDondioxide a n d o z o n e . The g a s e s t e n d to a b s o r b e n e r g y in 
s p e c i f i c w a v e l e n g t h i n t e r v a l s c a l l e d a b s o r p t i o n b a n d s . 
W a v e l e n g t h s h o r t e r t h a n 0 .3 p.m are c o m p l e t e l y a b s o r b e d . Th i s 
a b s o r p t i o n i s g issent ia l for l i f e on e a r t h b e c a u s e p r o l o n g e d 
e x p o s u r e s to t h e s e w a v e l e n g t h s d e s t r o y l i v i n g t i s s u e . 
Energy I n t e r a c t i o n s with Earth Surface F e a t u r e s : 
The e l e c t r o m a g n e t i c e n e r g y a f t e r p a s s i n g t l i rough tlio 
a t m o s p h e r e r e a c h e s the e a r t h s u r f a c e . V a r i o u s f r a c t i o n s of 
e n e r g y i n c i d e n t on the e a r t h s u r f a c e a r e r e f l e c t e d , a b s o r b e d a n d 
t r a n s m i t t e d . By a p p l y i n g t h e p r i n c i p l e of c o n s e r v a t i o n of 
e n e r g y , we get a n e q u a t i o n : 
Ej (X) = Ej^(x) + E^(X) + E^(X) 
w h e r e E-. = To ta l i n c i d e n t e n e r g y 
Ep = Ref lec ted e n e r g y 
E = Absorbed e n e r g y 
E„ = T r a n s m i t t e d e n e r g y 
With a l l e n e r g y componen t s b e i n g a f unc t i on of w a v e l e n g t h . 
1. The p r o p o r t i o n of e n e r g y r e f l e c t e d , a b s o r b e d and 
t r a n s m i t t e d w i l l v a r y to d i f f e r e n t e a r t h f e a t u r e s 
d e p e n d i n g upon t h e i r t y p e s a n d c o n d i t i o n s . These 
d i f f e r e n c e s p e r m i t u s to d i s t i n g u i s h d i f f e r e n t f e a t u r e . 
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2. FurLhor, oven ' with a given feature Lype Lhe proporLion 
of ref lected, absorbed and t r ansmi t t ed energy will va ry 
for different wave lengths . 
Thus two features may be i n d i s t i n g u i s h a b l e in one 
spec t r a l r ange but can be d i s t inc t in another r a n g e . 
The geometric manner in which an object reflects 
energy is an important factor which is a function of surface 
roughness of the object . Specular ref lectors a re f la t surfaces 
t ha t gives mirror l ike re f lec t ions , when angle of reflection is 
equa l to ang le of inc idence . Diffuse or lamber t ion ref lectors a re 
rough surface tha t reflect uniformly in a l l d i rec t ion . Generally 
e a r t h fea tures a re ne i ther perfect specular nor diffuse ref lectors . 
Remote Sensing Platforms : 
a) Brief History : 
Development of remote sens ing science for var ious 
app l i ca t ions a re closely re la ted to development of pho tography . 
The pho tographs taken with an inc l ined opt ica l ax i s a re regarded 
as a e r i a l photographs which a re used for t ak ing p ic tu re of the 
ea r th from a i r . The ea r ly his tory of remote sensing in the 
app l ica t ion of pho to- in te rpre ta t ion in ea r th resource s u r v e y s . 
During 1839 Daguerre and Niepee took the f i rs t photograph and 
Colonel Aime ur.rii photograph for topograph ica l mapping (ISAg) . 
b) Early Pla tform : 
Daloons were the ear ly platforms which were used for 
a e r i a l photography around 1858 for coverage of l a rge a r e a . 
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The photography by bal loons were uncontrol led in i t s a e r i a l 
cove rage . By 1880 the use of ki te were in t roduced a s pr imit ive 
platform for the camera . The s p a t i a l coverage of photography 
was controlled through the ki te s t r i ng from ground s t a t i on . The 
advent of a i r p l a n e made it possible to have ae r i a l photograpliy of 
specific a r e a s and f irst photographs were t aken from Centocelli , 
I t a l y by a i r c ra f t piloted by Webur Wright in 1909. Later in 1930 
colour photography became poss ib le . The introduct ion of 
ae rop lanes a s platforms were quantum jump in remote sensing and 
photogrammetry. The defence requi rements led to the 
development of h igher a l t i t ude pho tography . The advent of 
s a t e l l i t e e r a from mid 60s to present day has led to development 
of satoll l tG based remote s e n s i n g . The NAGA did tlio poinooring 
work with LANDSAT and SEASAT platforms from 1972 onwards . 
La te r s eve ra l countr ies inc lud ing I n d i a have introduced their 
remote sens ing s a t e l l i t e . 
Ground Dome Platforms : 
These a re platforms which could be fixed for moveable 
for ground da ta collections through r a d i a n c e measurment a t 
different a n g l e . 
The cher ry arm conf igura t ion van is good example of 
Ground platform in remote sensing which uses Microwave 
Radiometer, Dobson spectrometer , L ida r , Radar e t c . , measuring 
the in t ens i ty of the reflected or emitted energy from the object or 
t e r r a i n . The d a t a collected from ground platforms are used 
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for p l o t t i n g r e f l e c t a n c e c u r v e s a n d p r e p a r a t i o n of t r a i n i n g se t s 
for s u p e r v i s e d c l a s s i f i c a t i o n . 
Air Borne Platforms : 
The a i r b o r n e p l a t f o r m c a n b e g r o u p e d i n t o : 
A) Ba l loon Borne P la t fo rm 
B) A i r c r a f t Borne P l a t fo rm 
A) Ba l loon Borne Platform : I t s u s e w a s s t a r t e d in l a t e n i n e t e e n t h 
c e n t u r y for remote s e n s i n g p u r p o s e from v a r i o u s a l t i t u d e s . I n 
1840 b a l l o o n s were used for a t m o s p h e r e a n d e a r t h s t u d i e s . 
Ano the r u s e of b a l l o o n i s for c h e c k i n g t h e p e r f o r m a n c e of s e n s o r s . 
a ) Free Ba l loons : These b a l l o o n s a r e d e s i g n e d d e p e n d i n g on t h e 
a p p l i c a t i o n a n d u s a g e to a c h i e v e d e s i r e d e l e v a t i o n . They may 
h o v e r o v e r s p e c i f i c a r e a or may r e t u r n to s t a r t i n g p o i n t . High 
r e s o l u t i o n p h o t o g r a p h s from a n a l t i t u d e of up to 25 km could b e 
t a k e n by t h e s e b a l l o o n s . 
b ) Tethered Ba l loons : These a r e c o n n e c t e d to t h e e a r t h s t a t i o n 
by a s t r o n g a n d h i g h l y f l e x i b l e w i r e wh ich i s a l s o usd for power 
s u p p l y e t c . to t h e B a l l o o n - S p h e r e t y p e wh ich a r e u sed for wind 
v e l o c i t y of l e s s t h a n 35 k m / h r wind a n d 8 km a l t i t u d e . 
N a t u r a l s h a p e b a l l o o n s a r e u s e d a t l e s s t h a n 8 k m / h r 
wind v e l o c i t y . 
L a s t l y for a n y d e s i r e d wind v e l o c i t y s t r e a m l i n e d b a l l o o n s 
a r e u s e d i n which p a y l o a d , f l ig l i t d u r a t i o n a n d l i f e i s 
a n t i c i p a t e d . 
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n. Aircraft Borne Platform : 
Fa s t development of a i r c r a f t led to usage of advance 
Qlrcrafts ao remote ooiiDing platforiiiG. An a i rc ra f t should have 
uniform speed, he ight , good s t ab i l i t y so t h a t it could be used a s 
a p la t form. 
Aircraft used as platform in India are : 
DAKOTA : 6060 m cei l ing he igh t , 240 km/hr is minimum speed. 
AVRO : 7600 m cei l ing height and minimum speed is 600 km/hr . 
CI2SSNA : 8800 m cel l ing height and minimum speed Is 350 km/hr . 
CANBERRA : 13700 m is cei l ing height and minimum speed is 360km/hr. 
Space Borne Platforms : 
Applicat ion of s a t e l l i t e for resources survey s t a r t ed 
with in t roduct ion of manned s a t e l l i t e l i ke Gemini and Apollo 
s e r i e s . Good qua l i ty hype ra l t i t ude pho tographs of ea r th were 
t aken from these s a t e l l i t e . In t ens ive use of s a t e l l i t e as remote 
senstfjg platforms were s t a r t ed by launching of ERTS ser ies l a t e r 
named a s LANDSAT s e r i e s . 
The sa te l l i t e s a re not effected by atmosphere hence 
the i r orbi t can be an t i c ipa ted and fixed for a long du ra t i on . 
This f ac i l i t a t e s r epe t i t i ve , temporal coverage of images of ea r th 
or specific a rea at a fixed i n t e r v a l of t ime. 
According to the o rb i t a l c h a r a c t e r i s t i c s the sa te l l i t e s 
can be c lass i f ied into 3 g roups . 
1) Sate l l i te with genera l o rb i t s 
2) Sa te l l i te with equa to r i a l geosynchronous o rb i t s 
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3) Sate l l i te with near polar sun-synchronous orbi t 
1. Satell ites with General Orbits : 
These a r e refer ing to those s a t e l l i t e which have ne i ther 
geosynchronous nor sun-synchronous o rb i t . SEASAT-1 is good 
example of these type of s a t e l l i t e . 
2 . Geostationary Orbiting Satell ite : 
At the height of 35800 km above the equator of earth the 
speeds of the sa te l l i t e and e a r t h a«e e q u a l , so any sa te l l i t e 
could be fixed to look a specific a r ea through out i t s life per iod. 
Since one s a t e l l i t e could cover one t h i r d of the e a r t h , these 
s a t e l l i t e a r e requ i red to cover the en t i re e a r t h . These a re used 
for meteorological and communication pu rpose . 
CEOS : ( Geostat ionary Operat ional Environmental Sa te l l i t e ) 
Alti tude - 36000 km 
Band - 0.55 - 0 . 7 7 urn (v i s ib le ) 
1 0 . 5 - 12.6 um (Thermal IR) 
Resolution - For v i s ib le band i t v a r i e s from 1 to 8 km 
and for the thermal IR is 9 km. 
The v i s ib le band is used for a day time scanning 
and thermal IR for night s c a n n i n g , the other examples a re 
ATS (Applicat ion Technology Satel l i te) and METEOSAT (European 
sa t e l l i t e ) . 
INSAT Series : ( I nd i an National Sa te l l i te ) 
An example of Ind i an geos ta t ionary s a t e l l i t e is INSAT 
se r i e s , INSAT-IA failed to work, but the INSAT-IB is functioning 
and use for communication and (meteorological app l i ca t ion , placed 
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a t 82 d e g r e e e a s t a t an a l t i t u d e of 36000 Km. 
The INSAT-IC i s a l s o f u n c t i o n a l a n d i s h a v i n g t h e same a p p l i c a t i o n . 
3 . Near -Po lar S u n - s y n c h r o n o u s S a t e l l i t e s : 
The o r b i t i s choosen i n s u c h way t h a t t h e s a t e l l i t e i s 
moving n o r t h - s o u t h ( d e s c e n d i n g ) a n d s o u t h - n o r t h ( a s c e n d i n g ) 
a v o i d i n g t h e po l e by 9° by wh ich t h e whole e a r t h c a n be c o v e r e d 
w i t h i n f ixed p e r i o d of t ime which means t h e a n g u l a r r e l a t i o n s h i p 
b e t w e e n s a t e l l i t e o r b i t a l p l a n e a n d t h e s u n i s c o n s t a n t which 
Iteops the s u n I l l u m i n a t i o n a n g l ^ c o n s t a n t for a g i v e n l a t i t u d e for 
a s h o r t p e r i o d . The a l t i t u d e for t h i s o r b i t i s a b o u t 900 km a b o v e 
t h e e a r t h . Good e x a m p l e of t h i s i s LANDSAT s e r i e s . 
LANDSAT Ser i e s : 
S ince t h e l a u n c h i n g of LANDSAT s e r i e s of s a t e l l i t e ^ 
e x t e n s i v e s t u d i e s for c i v i l a p p l i c a t i o n s of r emote s e n s i n g h a v e 
s t a r t e d . T i l l now f ive LANDSAT s a t e l l i t e s (EARTS) h a v e been 
l a u n c h e d . The f i r s t s a t e l l i t e of t h e s e r i e s w a s l a u n c h e d in 1972, 
known a s E a r t h Resource Techno logy S a t e l l i t e , T a b l e g i v e n below. 
TABLE 4 
S a t e l l i t e Orb i t O p e r a t i o n P e r i o d S e n s o r s 
LANDSAT 1 18 d a y s / 9 1 7 km Ju ly 1972 to J a n . 1978 M5S,RBV,DCP 
LANDSAT 2 18 d a y s / 9 1 7 km J a n . 1975 to Ju ly 1983 MSS,RBV,DCP 
LANDSAT 3 18 d a y s / 9 1 5 km March 1978 to March 1983 MSS, IU3V , DCP 
LANDSAT 4 16 d a y s / 7 0 5 km Ju ly 1982 to Oct . 1983 MSS.TM, DCP 
LANDSAT 5 16 d a y s / 7 0 5 km March 1984 to June 1989 MSS, TM,DCP 
(?) 
20 
LANDSAT ser ies gave impetus to app l i ca t ions of remote 
sensing in resource surveys in different p a r t of the world. The 
f i rs t three LANDSAT had common orbi t and imaging system, which 
were known a s f i rs t generat ion LANDSAT s a t e l l i t e s . The LANDSAT 4 
and LANDSAT 5 a r e regarded a s new genera t ion of high resolution 
resource s a t e l l i t e s . 
All five LANDSAT ser ies s a t e l l i t e had sun-synchronous 
o rb i t . The o rb i t a l time of LANDSAT 1,2 & 3 was 103 minutes, 
about 95 mliiuton for I,ANI)SA'I" 'i nnd 5, crocclny oiiu.itor riL 
9° angle from normal orbi ts a re successively 2760 km a p a r t a t 
equator which r e su l t s in approximate ly 14% over lap of images and 
increase towards h igher l a t i t ude i . e 80° l a t i t ude the over lap is 
about 85%. For f i rs t genera t ion the temporal coverage was 
18 days but i t i s reduced to 16 days for LANDSAT 4 and 5. 
LANDSAT h a s MSS, RBV, TM sensors , de t a i l s have been included 
l a t e r in the chap te r under the sensor . 
NOAA/TIROS Series : 
National Oceanic and Atmosplicric Administrat ion 0|:)oroto 
both NOAA and TIROS. These ser ies s t a r t e d with f irs t generat ion 
cal led TIROS (Television and In f ra red Observat ion Satel l i te) used 
for weather app l ica t ions and functioned between April 1960 and 
July 1966. 
The second genera t ion comprises both ITOS (Improved 
Television Observation Satel l i te) and NOAA, which both are 
sun-synchronous sa t e l l i t e with 1500 km a l t i t u d e . The l a s t 
r . n L o l U t n wn--, N d A A - H w h i c h n t - o p i m d fii n r l I m 111 K | o n l''nl i i i i n i y I ' l / M . 
21 
Tho t h i r d y o n o r a t i o n Da tc l l i t o s c a l l e d TIROS-N a n d 
NOAA 6 to 13 , h a v e s i m i l a r o r b i t to t h a t of LANDSAT s e r i e s p l a c e d 
a t an a l t i t u d e oE 830 km wi th one d a y r e p e a t t ime, b u t a s t h e r e 
a r e a l w a y s two of t h e s e s a t e l l i t e in o r b i t a t a t ime hence a n 
i m a g e of e a c h a r e a on t h e e a r t h s u r f a c e i s c o l l e c t e d twice a d a y . 
TIROS-N w a s o p e r a t i o n a l from Oct. 1978 to June 1981 a f t e r which 
i t w a s r e p l a c e d by NOAA-7. 
NIMBUS Ser ies : 
Nimbus s e r i e s c o m p r i s e s 7 s a t e l l i t e s out of which 
1 to 6 were a t a n a l t i t u d e of 1000 km a n d l a s t e d from 1964 to 
1981 . The Nimbus-7 c u r r e n t l y f u n c t i o n i n g a t an a l t i t u d e of 910 km 
in s u n - s y n c h r o n o u s o r b i t , w a s p u t i n t o o r b i t i n October 1978. 
SPOT : (Systome P r o b a t o i n o do I ' o b s e r v a t i o n do La T e r r e ) 
SPOT m e a n s e a r t h o b s e r v a t i o n t e s t sys tem a n d i s 
l a u n c h e d by F r a n c e wi th p a r t i c i p a t i o n from both Sweden a n d 
B e l g i u m . Two SPOT s a t e l l i t e s i . e . SPOT-1 a n d SPOT-2 h a v e been 
l a u n c h e d in 1985 a n d 1986 r e s p e c t i v e l y which w i l l h a v e a n e a r 
p o l a r , s u n - s y n c h r o n o u s o r b i t a t a n a l t i t u d e of 832 km. 
The SPOT h a s N a d i r a n d o f f -Nad i r v i e w i n g c a p a b i l i t y 
wi th r e p e a t a t i o n c y c l e of 26 d a y s . Loca l c r o s s i n g t ime i s 10 a . m . 
HCMM : (Heat C a p a c i t y M a p p i n g Miss ion) 
L a u n c h e d on 2 6 . 4 . ' 7 8 i n t o s u n - s y n c h r o n o u s n e a r p o l a r 
o r b i t w i th 12 h o u r s o r b i t c o v e r a g e i . e . two t ime e q u a t o r c r o s s i n g 
a t 2 .00 a n d 14.00 h r s . 
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SliASAT : 
Launched on 26.1.1978 a t 800 km a l t i t ude in near polar 
orbit and it 1G failed 99 days after launchiny . 
Japanese Earth Resource Satellite ; 
The sa t e l l i t e namely MOS-1 (Moriac Observat ion Satel l i te) 
& ERS-1. Both have same o rb i t a l and a l t i t ude as t ha t of LANDSAT. 
IRS Series: ( I n d i a n Remote Sensing Sa te l l i t e ) 
I n d i a n Remote Sensing Sate l l i te (IRS-IA), launched from 
Baikanor USSR in 1985 by vostak c a r r i e r rocket . It is placed in 
po la r sun-synchronous orbi t a t an a l t i t ude of 90Akm. 
IRS-IA will cover the en t i re Ind ian sub-cont inent once 
in 22 d a y s . The IRS d a t a receiving s ta t ion is located a t 
Shadnaga r about 50 l^ m away from Hyderabad where processing of 
raw d a t a i s done . 
Configuration of IRS : 
Three ax i s e s t ab l i shed , polar sun-synchronous sa t e l l i t e 
c a r r y i n g Pushbroom Cameras . The effective life time of IRS 
would be 3 y e a r s . The space craf t i s equ ipped with two 
deployable sum t r a c k i n g , three pane l r i g id solar a r r a y s to 
gene ra t e a power of 709 w t . , TTC (Telemetary Tracking and 
command) and da ta hand l ing is S band and X b a n d . 
Table 5 : Spectral Bands Choosen for the IRS-1 Cameras 
Band Spectra l r ange ( jam ) Remarks 
1 0.45 - 0.52 Coastal environment s tud ies , chlorophyl l 
absorpt ion region 
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2 0 . 5 2 - 0 . 5 9 
0.62 - 0.68 
0.77 - 0.86 
Green v e y e L a t i o n , u c e f u l for d i s c r i m i n a -
t ion of r o c k s a n d so i l for t h e i r i ron c o n t e n t 
S t rong c o r r e l a t i o n w i th c h l o r o p h y l l a b s o r -
p t i o n in v e g e t a t i o n , d i s c r i m i n a t i o n of Doil 
a n d g e o l o g i c a l b o u n d a r i e s . 
S e n s i t i v e to g r e e n b i o m a s s , o p a q u e to 
w a t e r r e s u l t i n g in h i g h c o n t r a s t with 
v e g e t a t i o n . 
Table 6 : Summary C h a r a c t e r i s t i c s of the IRS-1 Orbit 
P a r a m e t e r s 
R e p e t i t i o n cyc le 
Orb i t h e i g h t 
I n c l i n a t i o n ( d e g ) 
P e r i o d (min) 
Orb i t d e c a y ( m / d a y ) 
Orb i t c o r r e c t i o n cyc l e ( d a y s ) 
Swath (km) 
Low r e s o l u t i o n c a m e r a 
Medium r e s o l u t i o n c a m e r a 
I m a g e o v e r l a p a t t h e e q u a t o r 







2 X 74 
9.4% 
Table 7 : 
Orb i t t y p e 
Orb i t a l t i t u d e 
Orb i t e c c e n t r i c i t y 
Loca l t ime of p a s s 
C o v e r a g e c y c l e 
Swath 
Mission Parameters of IRS-1 




22 d a y s 
148 km (LISS-1) 
145 km ( L I S S - I I ) 
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Geometr ic r e s o l u t i o n : 72.5 m ( L I S S - I ) 
36.25 m ( L I S S - I I ) 
Spectral r a n g e 0 . ' i 5 - 0 . 8 6 um in i\ bands 
Radiometric level : 7 b i t s 
SENSORS : 
Any device which can detect and record the v a r i a t i o n s 
in phys i ca l quan t i t a t i ve s such as v a r i a t i o n in l i gh t in tens i ty or 
t empera ture and produce them in accep tab le form for fur ther 
u t i l i z a t i o n s i s r e f e r r e d as s e n s o r . Gome g o n c r a l chnrnc tc r lT .L lc : . 
should be known before going for de ta i l s of sensors , which a r e 
a s follows : 
Pixel : I t i s der ived from p ic tu re element, which is having 
defined s p a t i a l and spec t r a l resolut ion ( i . e . i t s size and spec t ra l 
response) depending upon the sensor conf igura t ion . 
Resolution or resolving power : I t is the ab i l i t y of the sensor to 
d i s t ingu i sh energy changes in s p a t i a l and spec t r a l modes. 
Spa t ia l resolut ion refers to smallest a n g u l a r or l i n e a r seperat ion 
between two adjacent object while spec t r a l resolut ion is measure 
of the d i sc re teness of band width and sens i t i v i ty of the sensor to 
d i sc r imina te between g ray l eve l s . 
Resolution coll : The smallest a r ea in a scene considered as a 
uni t of da t a which subtended by IFOV ( In s t an t aneous field of view) 
Instantaneous field of view (IFOV) : I t i s smallest p lace angle 
over which a sensor (Scanner) is sens i t ive to r a d i a t i o n . 
Total field of. view (TFOV) : The ove ra l l p lane angle or l i nea r 
ground d i s t ance covered by scanner in the cross t r ack diroct ion. 
25 
Dwell time : The time requi red for detector IU"OV ( Ins t an taneous 
field of view) to sweep across a ground resolut ion ce l l . 
Remote Sonnlny SyGtoni (Sensors ) : Two m a i n i m a g i n g cystoin 
which a re used a s framing .ail scanning t y p e s . 
i) Framing system : 
These system take a snapshot of an a r e a of the surface 
which then projected through c a m e r a ' s opt ics on a film or Q two 
dimensional a r r a y of detectors located in the c a m e r a ' s focal 
p l a n e . Common cameras a r e . using simple film whereas 
vidicon used a photo sens i t ive e lec t ronica l ly cha rge surface for 
detection and recording (Fig . 5 ) . 
Fig . 5 : Photographic framing system (source : Sabins 1978) 
Cninnin 
or 
VId lcon S y t l p m 
O v t r l n p 
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i i ) Scanning system : 
A scanning system employs detector with a narrow field 
of view which sweeps across the t e r r a i n in a ser ies of p a r a l l e l 
scan l ines to produce an image Scanning system may follow any 
of the three common types of t r a c k i n g system. They are a s follows 
a) Cross track scanning system : 
A mirror sweeps the swath width across the flight 
d i rect ion i t may be un id i rec t iona l MSS is an example of 
un id i r ec t iona l and TM is example of b id i rec t iona l cross track 
scanning sys tems. 
b) Along track scanning system : 
For get t ing be t te r s p a t i a l and spec t r a l resolu t ion , the 
dwell time should be increased and hence the osci l la t ion mirror is 
eleminated by provid ing i n d i v i d u a l detector for each ground 
resolut ion cell and the IFOV of each detector sweeps a ground 
resolut ion cel l along the t e r r a i n in fl ight d i rec t ion (F ig . 6 )• 
Fig. 6 : Tracking system and Dwell time (source : Sabins 1987) 
• •• • 1 • to ' ll.c 
Sciin Mal t par U n a 3 i 10 ' inc 
Owall l l m t • ^ - - . - . . . 1 1 10 * t^c 
Nunibar Ctll i par LIna 3000 <:tlU 
Uw^lf T I M . » ' 
O i l tUrnrKil i tn 10 > 
Velocity 300 
}-...,^ 
1 I 10 ' I-"*- ( • 
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c) Side track s c a n n i n g system : 
The s i d e t r a c k i n g i s m a i n l y u sed for a c t i v e remote 
s e n s i n g sys t em ( R a d a r , r , ida r e t c . ) . 
P a s s i v e and Active Remote Sens ing : 
On t h e b a s i s of e n e r g y s o u r c e the i m a g i n g s y s t e m s a r e 
d i v i d e d i n t o p a s s i v e a n d a c t i v e • r emote s e n s i n g s e n s o r s . 
A) P a s s i v e Remote Sens ing Sensors : 
P a s s i v e s e n s o r s d e t e c t a n d r e c o r d t h e a l r e a d y e x i s t i n g 
e n e r g y . The main s o u r c e of e n e r g y i s s u n . Wide v a r i e t y of 
s e n s o r s / c a m e r a s u s e d for r emote s e n s i n g a p p l i c a t i o n s . E x a m p l e s a r e : 
i ) Cameras : Different t y p e s of a e r i a l c a m e r a s a r e b e i n g used 
for d i f f e r e n t fo rmat s i ze a e r i a l p h o t o g r a p h y . V a r i o u s 
c o m b i n a t i o n s of f i l t e r , c a m e r a , lonso a n d f i l t e r s a r e u s e d in a e r i a l 
p h o t o g r a p h y for o b t a i n i n g p h o t o g r a p h s i n v i s i b l e a n d IR s p e c t r u m 
i n b l a c k a n d w h i t e , c o l o u r a n d f a l s e c o l o u r . Camera u s e d i n 
I n d i a a r e g i v e n i n T a b l e 8 . 
TABLE 8 
C a m e r a F o c a l l e n g t h F o r m a t s i ze Angle of c o v e r a g e 
Wild a ) R . C . 5 ( a ) 21 cm 18 x 18 cm 63° 
b ) R . C . 5 ( a ) 11.5 cm 18 x 18 cm 95° 
c) R . C . 8 11.5 cm 18 x 18 cm 95° 
d ) N U n i v e r s a l 15.2 cm 23 x 23 cm 94° 
Z e i s s RMK ' A ' 15 .3 cm 23 x 23 cm 93° 
Wilson E a g l e T y p e 6 cm 9 x 9 cm 93° 
a n d E a g l e T y p e 10 cm 9 x 9 cm 65° 
Bos E a g l e T y p e 12 cm 9 x 9 cm 54° 
( U . K . ) E a g l e T y p e 20 cm 9 x 9 cm 35° 
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i i ) Mul t l spec tra l Sensors (Scanners ) : 
The fo l lowing Remote S e n s i n g s e n s o r s i n I n d i a a r e 
a v a i l a b l e £or a e r i a l p h o t o g r a p h y . 
a ) Ocean Colour Radiometer (OCR) : I t m e a s u r e s the s p e c t r a l 
r e f l e c t a n c e of w a t e r b o d i e s in t e r m s of r a d i a n c e a n d i r r a d i a n c e 
i n v i s i b l e a n d n e a r i n f r a r e d c h a n n e l s a n d t h e s e d a t a a r e 
r e c o r d e d on m a g n e t i c t a p e s ^ which a r e u sed for i n t e r p e r a t i o n of 
v a r i o u s o c e a n p a r a m e t e r s a n d d y n a m i c s of b i o l o g i c a l p r o c e s s e s i n 
t h e o c e a n , OCn is a l s o for s t u d i o s of s ed imen t t r a n s p o r t in 
c o a s t a l z o n e s , p o l l u t i o n a l e f fec t s on w a t e r e t c . 
b) Modular Mult l spectra l Scanners (MMS) : Tt h a s e l even bnndG 
wh ich i n c l u d e one i n T h e r m a l IR b a n d a n d t e n b a n d s a r e in 
v i s i b l e a n d n e a r lU r e g i o n . I t i s h a v i n g 2 .5 m i l H r a d i a n s IFOV. 
T h e r m a l c h a n n e l of MMS c a n b e s e l e c t e d be tween 8-14 urn. 
I t s u s e s in e a r t h r e s o u r c e s s c a n n i n g , s h a l l o w w a t e r 
b a t h y m e t e r y , s t u d i e s i n c o a s t a l zones a n d s e a s u r f a c e t e m p e r a t u r e 
e v a l u a t i o n , u s i n g t h e r m a l IR c h a n n e l . P i x e l r e s o l u t i o n for MMS i s 3-7m. 
c) ISRO - MSS : T h i s i s d e v e l o p e d in I n d i a by ISRO which can 
h a v e four or s i x c h a n n e l s . I t r e c o r d s t h e d a t a i n d i g i t a l mode 
i n v i s i b l e , n e a r IR a n d t h e r m a l IR w a v e l e n t h r e g i o n s . Swath 
w i d t h i s A.2 km a n d i t s p i x e l r e s o l u t i o n i s 15 m. 
d) Return neam Vidicon (RDV) : T h e r e a r e t e l e v i s i o n c a m e r a s 
which were c a r r i e d by LANDSAT-1, LANDSAT-2 a n d LANDSAT-3. 
On LANDSAT 1 & 2 t h r e e Rr3Vs were u s e d , e a c h f i l t e r e d 
i n t o d i f f e r e n t w a v e b a n d , i . e . c a m e r a 1 i n t o g r e e n ( 0 . 4 8 - 0 . 5 8 ;am) 
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and second camera into red (0.58-0.83 um) and camera 3 for near 
IR (0.69-0.83 um) region g iv ing images for the same a r e a . The 
ground coverage of images were same as for MSS i . e . 185 km by 
185 km with 80 meter reso lu t ion . By a s s ign ing these images b lue , 
green and red colour we get FCC image of the a r e a . But the RBV 
in LANDSAT-3 was different from these and was giving a B/W 
image of the a r e a , with the help of the two TV cameras with 
increased focal length to produce 80 m ground reso lu t ion . Total 
coverage a r ea for each camera was 98 km by 98 km RBV did not 
have film* but photo sens i t ive surface which was exposed to 
incoming energy through shu t t e r divice (F ig . 7 ) . 
Fig. 7 : RBV cameras (source : C.P.Lo 1986) 
. / 
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e) Multispectral Scanner (MSS) : This sensor records four images 
of a scene in different wave bands (green , red and near IR) 
each covering 185 km x 185 km a r e a with ground resolution of 
79 m. There a re six detectors for each band which addup to 24 
detectors for a l l four b a n d s . Since the MSS is cross t rack 
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scanning system. Table presents the de t a i l s of M55 used in 
LANDSAT 1,2 & 3 and MS5 bands used in LANDSAT 1,2,3,4 & 5 
have been given in Table 
TABLE 9 
Scanl ine 
P ixe l p e r s c a n l i n e 
IFOV 
FOV 
MSS b a n d n u m b e r 





LANDSAT 1 & 2 
2340 
3240 
79 m X 56 m 
1 1 . 5 6 ° 
TABLE 10 








79 m X 55 m 
14 . 9 " 
C h a r a c t e r i s t i c s 









- 0 . 6 ( g r e e n ) 
- 0 . 7 ( r e d ) 
- 0 . 8 ( n e a r I R ) 
- 1.0 ( n e a r I R ) 
The MSS on LANDSAT 4 does not have much difference 
with the previous MSS except for p ixe l size which was adjusted to 80 m. 
F i g . 8 : MSS system (source : C.P.Lo 1986) 
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f) Thematic Mapper (TM) : The advancement of scanning system 
and r e l a t i v e poor resolut ion of MS5 led to development of thematic 
mapper which is also across t r a c k i n g scanning system opera t ing 
in v is ib le and IR region in seven b a n d s . I t provides h igher 
s p a t i a l and radiometer resolut ion by adopt ing 16 detectors for 
bands 1 ,2 ,3 ,4 ,5 & 7 but 4 detectors have been used for the band 
6. The osc i l l a t ing mirror is b id i rec t iona l which sweep the 
t e r r a i n in forward (West-East) and backward (East-West) di rect ion 
normal to s a t e l l i t e p a t h . Pixel size is 30 m x 30 m for a l l bands 
except for band 6 which has resolut ion of 120 m. Table shows 
the t yp i ca l thematic mapped spec t r a l bands and the i r app l i ca t i ons . 
Table 11: TM bands & app l i ca t ions (source : Li l lesand & Kiefer 1979) 
Band Wavelength Nominal P r i n c i p a l app l i ca t ions 
( i^m ) spec t r a l 
location 
0.45 - 0.52 Blue Designed for water body penet ra t ion 
making i t useful for coas ta l water 
mapping . Also useful for soi l /veg . 
descr imina t ion , forest type mapping 
and c u l t u r a l fea ture iden t i f i ca t ion . 
0.52 - 0.60 Green Designed to measure green reflec-
tance peak of vegeta t ion for 
veae ta t ion determinat ion and 
vigor assessment . Also useful for 
c u l t u r a l fea ture iden t i f i ca t ion . 
0.63 - 0.69 Red Designed to sense in chlorophyl l 
absorp t ion region a id ing In p lan t 
species d i f fe ren t ia t ion . Also use-
ful for c u l t u r a l fea ture ident i f icat ioni 
0.76 - 0.90 Near IR Useful for determining vegeta t ion 
t ypes , vigor and biomass content , 
for de l inea t ing water bodies , and 
for soil moisture d i sc r imina t ion . 
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5 1 . 5 5 - 1 . 7 5 
6 10.A - 12.5 
7 2,08 - 2 .35 
Middle Ind i ca t i ve of vegetat ion moisture 
IR content and soil moisture . Also 
useful for d i f ferent ia t ion of snow 
from c louds . 
Thermal Useful in vegeta t ion s t ress a n a l y s i s , 
soi l moisture d i sc r imina t ion , and 
thermal mapping a p p l i c a t i o n s . 
Useful for d i scr imina t ion of mineral 
and rock t y p e s . Also sensi t ive to 
vegeta t ion moisture content . 
Table 12: Comparison of MSS and TM sensors used in LANDSAT. 
Parameters LANDSAT MSS LANDSAT TM 
Spat ia l resolut ion 





4 for each band 
Scanning system Cross t r ack ing 




16 for band 
1,2,3,4,5 & 7 
4 for band 6 
Cross t r ack ing 
Sensit ive 
g) Pushbroom Images : Pushbroom is along t rack scanning 
system with high resolut ion v i s ib le (HRV) imaging system. The 
IIRV can opera te in two modes whicln is e i the r a mul t ispoctra l 
mode with 3000 CCD (charge couple detectors) a r r a y s and ground 
resolut ion of 20 m x 20 m or high resolut ion panchromat ic with 
6000 CCD's g iving good resolut ion of 10 m x 10 m only . The swath 
width for HRV is 60 km wide. By posi t ioning two HRV in Nadir 
posit ion p a r a l l e l s t r ip of imagery with 117 km is acqu i red . 
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Anothe r form i s oCf-Nadir poo i t i on of tho IlliV, which irnagcG Dtrip 
a t d i s t a n c e of 4755 km a w a y from N a d i r . 
h) P a s s i v e Microwave Images : These i m a g e s (senGors) de tec t 
e m i t t e d , r e f l e c t e d r a d i a t i o n w i t h i n 1 mm to 300 mm w a v e l e n g t h . 
They co l l ec t t h e r m a l e m i s s i o n which l a r g e l y d e p e n d s on 
t e m p e r a t u r e a n d d i e l e c t r i c p r o p e r t i e s of m a t e r i a l . 
I n m i c r o w a v e r e g i o n of s p e c t r u m t h e f r e q u e n c y i s more 
i m p o r t a n t t h a n t h e w a v e l e n g t h . The l a r g e d i e l e c t r i c c o n s t a n t for 
water a t 20°C (1 GHZ f r e q u e n c y ) c o n s t a n t wi th o t h e r m a t e r i a l of 
d i e l e c t r i c c o n s t a n t of 3-8 o n l y . ESMR ( E l e c t r i c a l S c a n n i n g 
Mic rowave R a d i o m e t e r ) i s a good e x a m p l e of t h i s o p e r a t i n g a t 37 
GHZ f r e q u e n c y on b o a r d of N i m b u s - 5 m e t e o r o l o g i c a l s a t e l l i t e . 
D) Act ive Remote Sens ing Sensors : 
I t r e f e r s to s e n s o r s t h a t g e n e r a t e t h e i r own sou rce of 
e n e r g y or i l l u m i n a t i o n . 
R a d a r ( R a d i o Detec t ion a n d .Banging) i s an a c t i v e 
remote s e n s i n g s y s t e m , i t o p e r a t e s i n m i c r o w a v e p o r t i o n of t h e 
e l e c t r o m a g n e t i c s p e c t r u m . R a d a r sys tem may or may not p r o d u c e 
i m a g e s b u t t h e SLAR (Side Look ing Air Borne R a d a r ) i s a n 
i m a g i n g s y s t e m . 
Conf igurat ion and Operation of SLAR : I t c o n s i s t s of r a d i o 
f r e q u e n c y g e n e r a t o r , a m p l i f i e r , t i m e r , t r a n s m i t - r e c e i v e swi t ch 
(TR) , a n t e n n a , r e c e i v e r , c a t h o d e r a y t u b e , O s c i l l o s c o p e & c a m e r a . 
A long r e c t a n g u l a r a n t e n n a i s f ixed on a i r c r a f t body 
p a r a l l e l to i t s l o n g i t u d i n a l a x i s . The a n t e n n a emi t s e n e r g y in 
pulses In the direct ion normal to the a n t e n n a ' s longer a x i s . 
This energy propaga te t i l l it i l lumina tes a narrow s t r i p s on the 
ground side way below a i r c r a f t . The energy reflected by 
fea tures i s received by an tenna and transformed by rece iver into 
an e lec t r ic analog s i g n a l . This s igna l l a t e r processed and image 
on a pho tograph ic film to form continuous s t r ip map of the 
t e r r a i n , the film movement ( ro l l ing) speed should be proport ional 
to the f lying speed (F ig . 9 ) . 
Fig . 9 : Operating Pr inc ip le of SLAR (source : Li l lesand & Kiefer 1979 ) 
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T a b l e below shows the SLAR f r e q u e n c y r a n g e s , bu t 
mos t ly t h e SLAR i m a g e s h a v e b e e n a c q u i r e d by Ka b a n d or 
X b a n d sys tem t o g e t h e r wi th some L b a n d i m a g e s . 
TABLE 13 
SLAR FREQUENCY RANGES 
(Source L i l l e s a n d & Kiefer 1979) 
F r e q u e n c y (f) = c~ 
M e g a h e r t z (10" c y c l e s sec"-^) 
/*0,000 - 26,500 
26,500 - 18,000 
18,000 - 12,500 
12,500 - 8,000 
8,000 - 4 ,000 
4,000 - 2,000 
2,000 - 1,000 











t i on 
W a v e l e n g t h 


















- - ^ - s s g a ar 
B x*«**=^  K B a L. a 





Dur ing t h e c o u r s e of p r e s e n t s t u d y , v a r i o u s p a r a m e t e r s 
h a v e b e e n t a k e n i n t o a c c o u n t , for e x t r a c t i o n of the t l icmat ic 
i n f o r m a t i o n . 
Data and Products u sed : 
Remote s e n s i n g t e c h n i q u e w a s choosen a s an a p p r o a c h 
to t h e g e o l o g i c a l a n d g e o m o r p h o l o g i c a l m a p p i n g . Fo l lowing d a t a 
a n d p r o d u c t s wore used d u r i n g the c o u r s e of p r e s e n t s t u d y they a r e : 
a ) Computer CQimpatible t a p e s 
b) TM FCC ' s 
c) D i a p o s i t i v e t r a n s p a r e n c y 
d) Rat io i m a g e s 
e) S u r v e y of I n d i a t o p o s h e e t s 
f) V a r i o u s s u p p l e m e n t a r y d a t a , g e o l o g i c a l maps e t c . 
The d i g i t a l d a t a p r o d u c t s w e r e p r o c e s s e d d i g i t a l l y a n d 
a n a l y s e d t h r o u g h o p t i t a l p r o c e s s i n g u s i n g p h o t o g r a p h i c a n d 
g e o t e c h n i c a l e l e m e n t s . The t h e m a t i c d a t a b a s e w a s g e n e r a t e d 
t h r o u g h c o n v e r g e n c e of e v i d e n c e co l l ec t ed from the r e c o g n i t i o n 
e l e m e n t s . 
Instruments Used : 
I n o r d e r to e x t r a c t the t h e m a t i c i n f o r m a t i o n u s i n g 
remote s e n s i n g t e c h n i q u e s . The fo l lowing i n s t r u m e n t s and 
c o m p u t e r s y s t e m s w e r e u s e d : 
1. Radiometer : H i n d h i v a c S p e c t r o - R a d i o m e t e r w a s u s e d for 
r a d i o m e t r i c d a t a c o l l e c t i o n for g r o u n d t r u t h d u r i n g t h e c o u r s e of 
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i nves t i ga t i on . 
2. VAX-11/780 : It i s super mini computer, used for the 
ca lcu la t ion and p repa ra t ion of ref lectance percen tage curve for 
the radiometr ic d a t a . 
3 . HCL-Isrovision : The PC AT based computer system Busybee 386 
ins t a l l ed a t RSACREG, Aligarh Muslim Univers i ty , Al igarh , having 
dedicated d ig i t a l image processing software for remote sensing 
data a n a l y s i s . 
4. Dlezo Printer : Hard copy diezo p r i n t s were p repared from 
diapos i t ive of TM b a n d s , yellow, cyan , magenta p r in t s were 
reg is te red to project FCC's . 
5. Large Format Optical Enlarge : This instrument is used for 
enlargement of t r a n s p a r e n c i e s of bands 2,5 and 7 of TM sensor . 
The 1:576000 d a t a products were enlarged to 1:144000 scale for 
v i sua l in t e rp re ta t ion of different thematic e lements . 
6. Dynascan : Dynascan is en l a rg ing lens system used for v i sua l 
in te rp re ta t ion of ha rd copy p r in t s and FCC's, it gives 4 x magni-
f icat ion. 
Procedure : 
a) Visual i n t e rp re t a t i on of LANDSAT TM FCC was ca r r i ed 
out us ing l igh t t ab l e and over lays p repa red showing geological 
and geomorphological un i t s e t c . 
b) Base maps were p repa red us ing survey of India topo-
sheets 54F and 541 showing l a t i t u d e , longi tude were used for 
annota t ion and ground t r u t h . 
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c) V a r i o u s c u l t u r a l foaturcG l i k e Hoado, R a i l w a y l l i i o s , 
major t o w n s , c u l t i v a t e d l a n d , r i v e r s w h e t h e r d r y or p e r e n n i a l 
a n d v a r i o u s g e o m o r p h o l o g i c a l f e a t u r e s were i d e n t i f i e d . 
d) The i n t e r p r e t e d t h e m a t i c d e t a i l s were t r a n s f e r r e d on to 
t h e b a s e map p r o v i d e p l a n i m e t r i c c o n t r o l , u s i n g o p t i c a l r e f l e c t i o n 
p r o j e c t i o n (ORP) , 
e) The g e o l o g i c a l a n d g e o m o r p h o l o g i c a l m a p s w e r e 
p r e p a r e d u s i n g p a t t e r n a n d l i n e s y m b o l s . Ground t r u t h was 
co l l ec t ed from s e c o n d a r y s o u r c e s a n d t h r o u g h p r i m a r y s u r v e y s . 
f) Pos t f i e ld c o r r e c t i o n s were made i n t h e maps t h r o u g h 
g r o u n d s u r v e y s a n d t h u s f i n a l m a p s were p r e p a r e d . 
Table 1 4 : Shows t h e flow c h a r t of me thodo logy a d o p t e d d u r i n g t h e 
p r e s e n t s t u d y . 
S t u d y Geology a n d Geomorphology 
Sca le a n d p r o d u c t s 
S u r v e y s h e e t s . Remote S e n s i n g Da ta 
m a p s , r e p o r t s v i s u a l a n d d i g i t a l 
Base map Geology & geomorpho logy 
S c a l i n g 
Maps 
T r u t h F i e l d 
F i n a l m a p s 
i l epor t 
5 \ S 
f 
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KliY FOR IMAGED INTKItPRKTATION 
To workout t h e M . P h i l . r e s e a r c h work in p a r t of 
Agra a n d B h a r a t p u r , Remotely Sensed S a t e l l i t e d a t a h a v e been 
used for i n t e r p r e t a t i o n of Geology and Geomorphology e i t h e r by 
v i s u a l l y or d i g i t a l l y . The v i s u a l i n t e r p r e t a t i o n i s c a r r i e d out 
u s i n g D y n a s c a n , l a r g e f o r m a t i c O p t i c a l E n l a r g e r a n d S a t e l l i t e 
I m a g e for f rame 146-041 . The i n t e r p r e t a t i o n i s b a s e d on t h e 
f u n d a m e n t a l e l e m e n t s of v i s u a l i m a g e i n t e r p r e t a t i o n h a v e been 
c a r r i e d out on ISROVISION, PC AT 386 b a s e d c o m p u t i n g sys tem a n d 
VAX 11/780 c o m p u t i n g s y s t e m . V a r i o u s e n h a n c e m e n t t e c h n i q u e s 
h a v e been u s e d to g e t t h e m a t i c m a p s of i n t e r e s t a r e a a n d 
c l a s s i f i e d i m a g e h a v e a l s o b e e n p r e p a r e d . The v i s u a l a n d 
d i g i t a l i m a g e i n t e r p r e t a t i o n k e y s a r e a s fo l lows . 
V i s u a l I m a g e I n t e r p r e t a t i o n : 
Geology a n d Geomorphology maps h a v e been p r e p a r e d 
t h r o u g h v i s u a l i n t e r p r e t a t i o n u s i n g h a r d c o p i e s of Agra a n d 
B h a r a t p u r d i s t r i c t s . I n o r d e r to workou t t h e t h e m a t i c m a p s from 
FCC, D y n a s c a n h a s b e e n used for e n l a r g e m e n t a n d e n h a n c e m e n t of 
t h e i n f o r m a t i o n . The S u r v e y of I n d i a Toposhee t were u sed a s an 
a i d for g r o u n d t r u t h . I m a g e i n t e r p r e t a t i o n t e c h n i q u e h a v e boon 
u s e d to g e n e r a t e r e l e v a n t i n f o r m a t i o n for the Geology a n d 
Geomorphology . The k e y s a p p l i e d a r e : 
F u n d a m e n t a l e lement of i m a g e i n t e r p r e t a t i o n 
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Geotechnical element 
Ground t ru th 
Fundamental Klement of Image Interpretation : 
A systematic s tudy of image involved on severa l bas ic 
c h a r a c t e r i s t i c s of features shown on the image. An image cons i s t s 
of p ixe l with different g ray va lues out of 255 g ray level , th i s 
difference in the g ray va lue of pixels appear as shade v a r i a t i o n 
and defines the geometry of the image. The fundamental element 
of the image which develop due to the shade v a r i a t i o n comprises 
tone, t e x t u r e , p a t t e r n , shape , s ize , shadow and assoc ia t ion . 
These serves as the v i s u a l i n t e rp re t a t ion keys . 
1 . Tone : 
I t refers to r e l a t i ve b r igh tness or colour of the object 
on the image. Tone is used for d i f ferent ia t ing the objects on the 
bas i s of v a r i a t i o n in colour or sh^de of g r a y . 
2. Texture : 
I t is frequency of tonal change within the image. The 
t e x t u r a l change ind ica tes nons imi lar features within the image. 
3 . Pattern : 
I t is typ ica l ly a r r a n g e d of the ground element recorded 
within an image. 
4. Shape : 
Shape refers to genera l form, configurat ion or outl ine 
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of the i n d i v i d u a l object . Shape help in ident i fying the object . 
5. Size : 
Size is used a s recognit ion element by r e l a t ing one 
object on the image with other known objec ts . It is dependent 
parameter which v a r i e s with the scale of the image. 
6. Shadow : 
Shadow is used a s a tool for the recognit ion of object 
on the b a s i s of size and shape of the shadow. 
7. Association : 
I t h a s helped a s recognit ion element in logical 
deduct ion . The s p a t i a l corre la t ion of object is used to identify 
the f ea tu res . 
The iden t i f ica t ion of features and object on the image 
has been done by collect ive considera t ion of a l l the 
Photo recognit ion element. 
Geo Technical Elements : 
Li thological mapping from images h a s been accomplished 
by a n a l y s i s i n t e rp re t a t i on of spec t ra l and s p a t i a l information 
within the i m a g e , which is modified by the type of t e r r a i n 
p resen t , i t s c l imat ic environment and h i s to ry , and p reva i l i ng 
geomorphic ; processes and the i r s t ages of development. Thus for 
thematic deduction a n a l y s i s of the geotechnical element is ca r r i ed 
out which together with the ground t ru th from ex te rna l sources 
lead to the compilation of Geological and Geomorphological maps. 
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The geotechnical elements used a s i n t e rp re t a t ion keys are as 
follows : 
1. Land form 
2. Vegetation type 
3 . Drainage densi ty and pa t t e rn 
A. Erosional pa t t e rn 
5. Land use 
6. Climate 
1. Land form : 
Land form a n a l y s i s helps in the indent i f ica t ion of so i l s , 
rock types and geological environment, when in te rp re ted in 
conjunction witli otiior photo recognit ion oloment, cou|:)lr>cl wltli -nn 
unde r s t and ing of the climatic influences on geomorphic processed. 
Landform a n a l y s i s is one of the most important technique for 
l i tho logica l ident i f ica t ion from images . Based on the machanics 
of erosion and deposit ion landform can be c lass i f ied into : 
A. Erosional land "form 
B. Construct ional Land form 
On the bas i s of landform a n a l y s i s , sedimentary rock 
are more r e a d i l y recognizable in images and yield more 
l i thologica l information then e i ther igneous or metamorphic t e r r a i n , 
A. Sedimentary rock identification of landform analys i s : 
The sedimentary rock has g rea te r d ivers i ty of rock 
types , often d i sp l ay ing pronounced different ial r e s i s t ance to 
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erosion so tha t r e s i s t an t rock r equ i re s high relief and less 
r e s i s t a n t beds a re lowered by weather ing and eros ional process . 
Sedimentary t e r r a i n a r e d i s t ingu i shed in images by the i r d i s t inc t 
banded appea rence . ' The in tens i ty of banding reflects many 
factor inc luding th i ckness , d ive r s i ty and dip of rock un i t , a s 
well a s extent and amount of su r f ac i a l cover by unconsol idated 
m a t e r i a l s . In a r id reg ion where p a r a l l e l r e t r e a t of slopes 
products d i s t inc t ive landform such as mesas and bu t t e s , tlie 
hor izonta l bedding can be d i s t ingu i sh by bending along 
topographic contour and change in slope c h a r a c t e r i s t i c s due to 
the presence of both r e s i s t an t and non- re s i s t an t rock. 
D. Igneous rock identification from landform analys i s : 
Extrus ive igneous rock can be recognized by the 
fea tures l ike l a v a flows d i s t ingu i shed by the i r lobate p a t t e r n , 
expressed topographica l ly or by vegeta t ion and the i r frequent 
associa t ion with the volcanoes and thei r r e l a t ion to local tectonic 
features. I n t ru s ive igneous rock can be recognized by dykes 
which a re ident if ied by the i r l i n e a r or cu rv i l i nea r topographic 
express ion . Also l a r g e i n t ru s ive bodies such a s p lugs , s tocks, 
laccol i th, and l apo l i th s have a r c u a t e shapes which are expressed 
by the topography. 
C. Metamorphic rock identification from landform analys i s : 
Ident i f ica t ion of metamorphic rock is often difficult 
with the g rea te s t amount of information obtained in t e r r a i n where 
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metamorphism and deformation has not been intense and the 
pr imary s t ruc tu re of the o r ig ina l rock a r e s t i l l p rese rved . 
2. Vegetation Types : 
Although vegeta t ion cover observe the l and sur face , it 
can s t i l l provide information useful for direct l i tho logica l 
descr iminat ion and recogni t ion of s t r u c t u r e . Under uniform 
climatic condi t ion, p lan t communities a re often specific to the 
rock type and soi l , such a s Xerophyte grows in a r id and 
semi-ar id zone. Conifers in cold climate and Willows in high 
moisture a r e a . Presence of big Bushy t rees in ha rd rock a r e a 
ind ica t e faul t zone which provides water to the p l a n t s . Different 
vegeta t ion pa t t e rn and the i r s igni f icance in summerized in the 
Table 15 
TABLE 15 
Pa t te rn Charac te r i s t i c s Significance 
Blocky Forest , Random d i s t r i b u - a) Mixed forest sandy and 
tion of t rees e i ther g r a n u l a r soil and s u b -
mixed or s ing le species surface be e i ther sands tone 
conglomerate or g r an i t i c 
rock . 
b) Single species forest 
ind ica te clay or loamy soil 
and sub-sur face will bo 
e i ther sha l e , phy l l i t e or 
vo lcan ic flow. 
Linear 
Alignment 
Linear ly a l igned 
vege ta t ion . 
Reflect i so la ted p lanes or 
weakness such a s fau l t , 
v e r t i c a l bedd ing , jo in ts 
e t c . 
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Curv i l inear 
Alignment 
P a r a l l e l 
Linear 
Alignment 
P a r a l l e l 
c u r v i l i n e a r 
Alignment 
Curv i l inea r Alignment 
Vegetation 
Ind ica tes th rus t and low 
ang le f au l t . 
P a r a l l e l and l i n e a r Ind ica te joint set 
a r rangement of vege ta t ion foliation plane or r o a d s . 
Pa ra l l e l and c u r v i l i n e a r Bedding trend and 
a r rangement of vegetat ion composition v a r i a t i o n in 
l i tho logy. 
3 . Dra inage Density : 
Drainage a n a l y s i s is an es tab l i shed and widely 
used in te rp re t ive t echn ique . Drainage densi ty stream frequency 
and d r a i n a g e pa t t e rn must be in te rp re ted in context of c l imate, 
r e l a t i v e relief, and ground condi t ion. The d r a i n a g e densi ty 
inc rease and decrease with permeabi l i ty of the surface ma te r i a l . 
The impermeable mate r ia l will have more numerous d r a i n a g e than 
the permeable surface m a t e r i a l . The d r a i n a g e pa t t e rn p r imar i ly 
reflect the influence of s t r uc tu r e and secondar i ly the influence of 
l i tho logy . The s igni f icance of most f requently occuring d r a i n a g e 
p a t t e r n is summerized in t a b l e given below : 
TAULli 16 
Pa t t e rn Charac t e r i s t i c s Significance 
Dendretic I r r e g u l a r b ranch ing of Develops in f la t ly ing a r e a 
stream of uniform composition with 
l i t t l e or no s t r u c t u r a l control . 
Suggest near horizontal 
sedimentary rocks , massive 
i n t ru s ive rocks, or s t rongly 
metamorphosed rock. 
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T r e l l i s S u b - p a r a l l e l s t r e a m Most l i k e l y to deve lop in t h e 
a l i g n e d a l o n g n e a r l y a r e a of s e d i m e n t a r y r o c k s 
p a r a l l e l t o p o g r a p h i c wi th m a r k e d s t r u c t u r a l 
f e a t u r e wi th s h o r t c o n t r o l s duo to a l t e r n a t i n g 
p e r p e n d i c u l a r i n t e r a n d r e s i s t a n t b e d s . ' 
connec ted c h a n n e l 
R e c t a n g u l a r A b r u p t r i g h t a n g l e May i n d i c a t e s t r u c t u r a l 
de f l ec t ion of s t r e a m c o n t r o l 
d i r e c t i o n 
R a d i a l St ream d i v e r g e from Dovolops on domes , v o l c a n i c 
c e n t r a l l y e l e v a t e d p o i n t cones a n d o t h e r t y p e of 
i s o l a t e d c o n i c a l or s u b -
c o n i c a l h i l l . 
D e r a n g e d I r r e r e g u l a r s t r e a m Develop on g l a c i a l d e p o s i t i o n 
c o u r s e s t h a t f lows when t h e p o s t g l a c i a l 
in a n d ou t of l a k e or d r a i n a g e h a s no t ye t been 
swamp i n t e g r a t e d i n t o a w e l l 
de f ined p a t t e r n . 
A. Anomalies observed and other s i g n i f i c a n c e : 
The d r a i n a g e a n o m a l y i s tlio d e v i a t i o n of d r a i n a g e from 
i t s r e g i o n a l p a t t e r n . The a n o m a l i e s a r e due to s u d d e n 
i n t e r p r e t a t i o n in t h e p a t h of d r a i n a g e v;hich s i g n i f i e s 
G e o - p h y s i c s of the r e g i o n . These a n o m a l i e s may be e x p r e s s e s a s 
a ) R e c t i l i n e a r i t y of the c h a n n e l : 
R e c t i l i n e a r segmen t in tlio d r a i n a g e c h a n n e l is duo to 
p r e s e n c e of v e i n s , d y k e s , f a u l t s or s u d d e n i n c r e a s e in the 
g r a d i e n t of t h e c h a n n e l s . 
b ) Development of m e a n d e r s : 
A b r u p t l o c a l i z e d a p p e a r o n c o of m e a n d e r a c r o s s a r i v e r 
c h a n n e l w i l l i n d i c a t e t h e p r e s e n c e of a c t i v e zone of u p l i f t , wh ich 
i s d u e to f a u l t , fold, domo, Icinonii'-, inlni ' - . ivn nr any n f l l v l l y 
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re la ted to neotectonlcs. 
c . Compressed meanders : 
The compress meander will i nd ica te the ve r t i ca l uplift 
in the a rea of meander ing . 
d. Abrupt change in drainage pattern : 
Abrupt change in d r a i n a g e pa t t e rn in the local 
d r a i n a g e signify l i thologica l b o u n d a r y . 
e. Anomolous bends : 
The anomolous bend may develop due to fault or change 
in l i tho logy . 
f. Anomolous lavees : 
The anomolous with of the l avees a re caused by bur r i cd 
s t r u c t u r a l f ea tu re . 
g . Anomolous pond : 
The presence of v io la ted pond or a l l u v i a l f i l l along the 
p a t h may ind ica te darning of r ive r ei ther by subsidence in the 
upstream block or uplift in down s t ream. 
A. Erosional Pattern : 
Gullies a re very smal l d r a i n a g e fea tures tha t can be 
seen on image which r e s u l t s from eros ional by run off the 
r a i n f a l l p r ec ip i t a t i on . The i n i t i a l r i vu l e t en la rge and take on a 
shape which is c h a r a c t e r i s t i c s of the mater ia l in which the 
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gul l ies a re cu rved . In gene ra l nar row, deep V-shaped gul ly 
prof i le develops in unconsol idated l i t ho log ies . Wide and shallow 
shaped profile develops in softer l i thologies and very wide, f la t 
rounded cross section in c r y s t a l l i n e rock. The different typos of 
gul ly cross section the i r c h a r a c t e r i s t i c s and signif icance i s 
presented in Table 17. 
TABLE 17 
Type of Gully 
cross section 
Charac t e r i s t i c s Significance 
V-Shaped Short steep t r i a n g u l a r Grani te sand soil on the 
V-shape gul ly profi le surface and sub-sur face 
l i thology may be sand 
s tone, conglomerate or 
g r a n i t i c rock. 
U-Shaped Composed g rad i en t f i rs t Ind ica tes s i l t and loess . 
steep and l a t e r f la t 
and cross section is 
r e c t a n g u l a r 
Gently Long gul l ies with f la t I nd i ca t e c lay on the 
Rounded and long cross section surface and sha le or 
volcanic flow on the 
sub - su r f ace . 
5. Landuse : 
Landuse provided ind i rec t information for v i s u a l 
image i n t e rp r e t a t i on , some of the l anduse and the i r s igni f icance 




Cul tu ra l feature 
Selective l anduse 
(in Arid Zone) 
Selective l anduse 
(in Hard Rock Area) 
Cul t ivat ion 
Agr icu l tu ra l ac t iv i ty 
Orchard 
Forest 
Restricted to topographica l ly high relief 
a rea and s ignif ies presence of n a t u r a l 
l avees in f luv ia l regime. 
Ind ica te presence of mois ture . 
Sub-surface l i thology may be sch i s t , l imestone, 
phy l l i t e or sha le e t c . 
Leveled topography clay and loamy so i l . 
Sub-surface may be fine g ra ined sands tone / 
sha l e / s i l t s t one or thei r metamorphic d e r i v a t i v e s . 
Restr icted to low ly ing a r e a . 
Well d ra ined soi l 
Rugged topography , sub-sur face may be 
sands tone or g r a n i t e . 
6. Climatic Effect : 
Significant difference in landform r e s u l t s 
from widely different cl imatic condit ion. Under a given set of 
c l imat ic condition some geomorphic process will dominate over 
other and impact to l andscape diagonost ic c h a r a c t e r i s t i c s . The 
difference in l andscape produced under different c l imat ic 
condit ion can be well i l l u s t r a t e d by d iverse landform of limestone 
t e r r a i n . In humid reg ions limestone is very suscept ib le to 
weather ing by solution and develops cha rac t e r i s t i c solution 
cava t i e s cal led k a r s t , which a r e read i ly discorniblG In image 
where a s in a r id reg ions l imestone is a r e s i s t an t rock and 
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commonly form cliff or r i d g e s . Thus impact of cl imate is a major 
cons idera t ion in the convergence of va r ious recognit ion element 
for logica l deduction of thematic information. 
Digital Image Processing 
Pictures a r e common and convenient means of conveying 
or t r ansmi t t i ng information. About 75% of the information 
perceived by human being is v i s u a l . Sensor in ea r th resources 
s a t e l l i t e provide da t a in d i g i t a l form which can be presented in 
the photographic format for v i s u a l i n t e rp re t a t ion purposes . 
v a r i a t i o n s in in tens i ty of e lectromagnet ic r a d i a t i o n from different 
t e r r a i n foaturos resul t In v a r i a t i o n s In d ig i t a l numbers wliich 
when d isp layed r e su l t in v a r i a t i o n s in b r i gh tne s s on black and 
white images . Image a n a l y s i s of s a t e l l i t e d a t a can be ca r r i ed 
out by two means. One is d i s p l a y i n g the d ig i t a l images received 
from s a t e l l i t e in photographic format and with the aid of 
i n t e rp re t a t i on keys a n a l y s i s can be made. Second is us ing 
computer aided classif icatidri of d ig i t a l images which is genera l ly 
known as d ig i t a l image process ing (DIP) . The a d v a n t a g e s of 
d i g i t a l image processing of s a t e l l i t e d a t a for resource 
app l i ca t ions is : 
i) I t s u t i l i za t ion of en t i r e dynamic radiometr ic r ange of 
sensor d a t a , 
l i ) In t eg ra t ion and slinulLanoous u t i l i za t ion of difforcnt 
spec t r a l band da ta for c lass i f ica t ion purposes . 
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Digital format provides a convenient way of t ransmi t , 
s to re , r e t r i eve and use image d a t a . Fur ther d ig i t a l da ta can be 
subjected to different processing a lgor i thms keeping the o r ig ina l 
da t a i n t a c t . 
In the present s tudy , image process ing of IRS LISS-II 
d i g i t a l da t a of Agra d i s t r i c t , Uttar Pradesh has been considered 
for improving the i n t e r p r e t a b i l i t y of da t a for c lass i f ica t ion and 
mapping purposes . Various image processing a lgor i thms used in 
the s tudy a r e a a re briefly discussed in the present sect ion. 
1 . Image enhancement : 
Image enhancement technique improve the qua l i ty of 
an image perceived by a human. Such techniques a re useful a s 
many s a t e l l i t e images examined on a colour monitor gives 
i n a d e q u a t e information for image i n t e r p r e t a t i o n . A wide v a r i e t y 
of techniques a re a v a i l a b l e for improving the image q u a l i t y , 
among them cont ras t s t r e t c b , densi ty s l i c ing , edge enhancement 
and s p a t i a l f i l ter ing a r e more commonly used t echn ique . Image 
enhancement is at tempted after the image is corrected for 
geometric and rad iometr ic d i s to r t i ons . Image enhancement methods 
a re appl ied sepera te ly on each band of a mul t i spec t ra l image. 
Digi ta l techniques have been found to be most sa t i s fac tory than 
the photographic technique for image enhancement, because of the 
prec is ion and wide va r i e ty of d ig i t a l process . 
Contrast genera l ly refers to the difference in luminance 
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of gray level va lues in an image and is an important 
c h a r a c t e r i s t i c s of the image. Contras t can be defined as the 
r a t i o of maximum in tens i ty to the minimum in tens i ty over an 
image. Contrast ra t io has a s trong bear ing on tho resolving 
power and de tec tab i l i ty of an image . Larger th is r a t i o , more 
easy i t is to in tc rp re te the image . 
Most of the s a t e l l i t e images lack adequa te con t ra s t 
improvement. The reason for low con t ras t can be enl is ted as : 
i) The i n d i v i d u a l object and background t ha t make up the 
t e r r a i n have a nea r ly uniform electromagnetic response at the 
wavelength band of energy t h a t i s recorded by the remote sensing 
system. 
i i ) Scat ter ing of e lec t romagnet ic energy by the atmosphere 
can reduce the cont ras t of the scene. This effect is more 
pronounced in the shor te r wave l e n g t h . 
i l l ) The remote sens ing system may lack sufficient 
sens i t iv i ty to detect and record the con t ra s t of the t e r r a i n . 
2 . Contrast enhancement : 
Contrast enhancement technique expand the range of 
b r i g h t n e s s va lues in an image so tha t the image can be 
efficiently d i sp layed in a manner des i red by the a n a l y s t . The 
d i g i t a l va lues of a p a r t i c u l a r band a r e l i t e r a l l y pulled further 
apart, t h a t i s expanded over a g r e a t e r r a n g e . The effect is to 
inc rease tho v i sua l con t ras t between two a r e a s of uniform 
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dens i ty . This will enable the a n a l y s t to descr iminate eas i ly 
between a r ea s i n i t i a l l y hav ing a small difference in dens i ty . 
Contrast enhancement can be effected by a l i nea r or non- l lnca r 
t ransformat ion . 
For the present s tudy the IRS LISS-II d a t a unde r t aken , 
the minimum and maximum DN va lues for 'i bands are between 28 
and 96. As cont ras t enhancement technique expands the dynamic 
r a n g e of radiometr ic d a t a . The algori thm used for cont ras t 
s t retch i s , 
F(X) = A(x - n^)P+ n^ with p = n„/100 - (1) 
where n is minimum input d i g i t a l number (DN) over the image; 
n minimum input over image with n <= = x <= = n ; n i s power 
function A is s l ic ing factor ca lcu la ted tha t 
F (n - ) = n_ & F(n, ) = n . where n_ = minimum output DN; 3 5 4 5 5 
n . = maximum out put DN. b 
3 . Density s l ic ing : 
Digital images have high radiometr ic reso lu t ion . 
Images in some wavelength bands contain 128 d i s t inc t g ray 
l e v e l s . Put a human i n t e r p r e t e r can r e l i ab ly detect and 
consis tent ly dif ferent ia te between 15 and 25 shade of g ray only . 
However, human eye is more sens i t ive to colour than the different 
shades between b lack and whi te . Density s l ic ing is a technique 
t ha t convert the continuous g ray tone of an Imago into a ccricG 
of densi ty i n t e r v a l s , or s l ices each corresponding to a specified 
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d i g i t a l r a n g e . Each sl ice is d i sp layed in a sepera te colour. 
This technique is appl ied to each band sepera te ly and emphasizes 
subt le gray scale differences tha t a re imporccptiblo to tlic viewer . 
In any s tudy area the l and use s t udy , densi ty s l ic ing will be 
helpful to de l inea te i n t r i c a t e fea tures effect ively. 
4. Spatial filtering : 
Spa t ia l f i l te r ing in the process of d iv id ing the image 
into i t s const i tuent s p a t i a l f requency, and select ively a l t e r ing 
ce r ta in s p a t i a l frequencies to emphasize some image f ea tu re s . 
Spa t ia l f i l ter ing when se lec t ive ly appl ied increases the 
i n t e r p r e t a b i l i t y to d i sc r imina te the d e t a i l s . The commonly used 
s p a t i a l f i l ters in remote sensing a re low-pass f i l te r , band pass 
f i l ter and h i g h - p a s s f i l t e r . F i l te red images have reduce s p a t i a l 
r e so lu t ion , but i s more useful for i n t e rp re t a t i on pu rposes . 
5. Band ratioing : 
Band ra t io ing or s p e c t r a l r a t io ing is method for 
a n a l y s i n g an image by cons ider ing two or more bands at a t ime. 
In th i s technique two spec t r a l images of a scene a re divided 
p ixe l by p i x e l . The r e s u l t a n t da ta are resca led to fill tlio 
dynamic r ange of d i sp lay device by con t ras t sLretching opera t ion . 
Normally, the ra t ios of ref lectance in a scene fell the Image. 
Analyst more about the objects than do the refrectances measured 
in any single b a n d . A ra t io p i c tu re can be mathematical ly 
expressed as : 
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DN'= aDNi/DNj + b (2) 
w h e r e DN' i s t he r a t i o of t h e DNS from c h a n n e l s i a n d j s c a l e d to 
f i t t h e d y n a m i c r a n g e by c o n s t a n t ' a ' a n d ' b ' Ra t io p i c t u r e s 
e x a g g e r a t e s u b t l e c o l o u r d i f f e r e n c e s . 
6 . P r i n c i p a l component a n a l y s i s : 
The m u l t i s p o c t r a l l inage d a t a Is u s u a l l y sLronyly 
c o r r e l a t e d from one b a n d to t h e o t h e r . P r i n c i p a l component 
a n a l y s i s (PC) i s a s t a t i s t i c a l t e c h n i q u e used to p r o d u c e 
u n c o r r e l a t e d se t of b a n d s from g i v e n se t of b a n d s . T h i s i s 
a c c o m p l i s h e d by l i n e a r t r a n s f o r m a t i o n of v a r i a b l e t h a t 
c o r r e s p o n d s to a r o t a t i o n a n d t r a n s l a t i o n of t h e o r i g i n a l 
c o - o r d i n a t e s y s t e m . P r i n c i p a l component a n a l y s i s (PC) i s c a r r i e d 
ou t by c o m p u t i n g c o v a r i a n c e m a t r i x of g i v e n i m a g e for e igen 
v a l u e s a n d e i g e n v e c t o r s . E igen v e c t o r o b t a i n e d from t h e g i v e n 
i m a g e a r e u s e d to g e n e r a t e p r i n c i p a l component i m a g e s a s l i n e a r 
c o m b i n a t i o n of o r i g i n a l b a n d s d a t a . 
P r i n c i p a l component a n a l y s i s o p e r a t e s on a l l b a n d s 
t o g e t h e r . T h u s i t a l l e v i a t e s t h e d i f f i c u l t y of s e l e c t i n g 
a p p r o p r i a t e b a n d s a s s o c i a t e d w i th t h e b a n d r a t i o i n g o p e r a t i o n . 
P r i n c i p a l componen t s d e s c r i b e t h e d a t a more e f f i c i e n t l y t h a n t h e 
o r i g i n a l b a n d r e f l e c t a n c e v a l u e s . The f i r s t p r i n c i p a l component 
a c c o u n t s for a maximum p o r t i o n of t h e v a r i a n c e i n t h e d a t a s e t , 
of ten a s h i g h a s 98% a n d s u b s e q u e n t p r i n c i p a l component a c c o u n t 
for s u c c e s s i v e l y s m a l l e r p o r t i o n of t h e r e m a i n i n g v a r i a n c e ( Jensen 
e t a l . 1979) . 
56 
P r i n c i p a l component t r a n s f o r m a t i o n a r e u s e d for 
s p e c t r a l p a t t e r n r e c o g n i t i o n a s we l l a s image e n h a n c e m e n t . PC 
i m a g e may be a n a l y s e d a s s e p e r a t e b l a c k a n d w h i t e i m a g e s or 
a n y tliiroc coin|ioiicnt iinago!:. moy bo c o l o u r coded Lo forni ci coloui-
c o m p o s i t e . 
7 . Pa t tern recogn i t ion t e c h n i q u e : 
P a t t e r n r e c o g n i t i o n i s a c o m p u t e r o r i e n t a t i o n 
me thodo logy for e x t r a c t i o n i n f o r m a t i o n b a s e d on ' s a l i e n t p a t t e r n ' 
i n r emo te ly s e n s e d d a t a . P a t t e r n r e c o g n i t i o n t e c h n i q u e c o n v e r t 
r a w s a t e l l i t e d i g i t a l d a t a i n t o m e a n i n g f u l i n f o r m a t i o n v h i c h vvill 
b e u s e f u l for q u a n t i t a t i v e a n a l y s i s of r emote s e n s i n g d a t a . 
P a t t e r n r e c o g n i t i o n t e c h n i q u e s o p e r a t e on se t of d e c i s i o n r u l e s to 
d i s t i n g u i s h o b j e c t s on tlie b a s i s of sot of m o a s u r o m o n t s made on 
t h e o b j e c t . T h i s p r o c e s s i s a l s o known a s m a c h i n e c l a s s i f i c a t i o n . 
I n t h e c o n t e x t of r emote s e n s i n g . P a t t e r n r e c o g n i t i o n i s 
commonly known a s m u l t i s p e c t r a l c l a s s i f i c a t i o n ( Jensen 1986) . 
De tec t ion of an object from a s e n s o r on s a t e l l i t e r e q u i r e s t h a t the 
ob jec t p r o d u c e a n e n e r g y f lux t h a t i s not any d i f f e r e n t from t h a t 
of i t s i m m e d i a t e b a c k g r o u n d , b u t s u f f i c i e n t l y d i f f e r en t for the 
d i f f e r e n c e to b e d e t e c t e d i n t h e i m a g e . T h u s the t e r r a i n f e a t u r e s 
t h a t p r o d u c e l a r g e s p e c t r a l c o n t r a s t a r e a e a s y to i d e n t i f y . 
P a t t e r n r e c o g n i t i o n t e c h n i q u e a r e u sed for compu te r a i d e d 
d e m a r c a t i o n of l a n d . 
P a t t e r n r e c o g n i t i o n t e c h n i q u e s a r e b r o a d l y d i v i d e d i n t o 
two t y p e s ( a ) U n s u p e r v i s e d a n d (b ) S u p e r v i s e d . 
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(a) Unsupervised classif ication : 
Unsuporvisod c lass i f ica t ion r e q u i r e only a minimum 
amount of i n i t i a l input from a n a l y s t . I t is a process whereby 
numerical operat ion a r e porforiiiod for n a t u r a l grouping of tho 
spec t ra l p roper t ies of p ixe ls as a r r i v e d in mul t i spec t ra l feature 
space . The user allows the computer to select the c l a s s means 
and covar iance matrices to be used in the c lass i f i ca t ion . Once 
the d a t a a re c lass i f ied , the a n a l y s t a t tempts a posterior to 
a s s i g n these ' n a t u r a l ' or spec t r a l c lasses of i n t e r e s t . The 
c lus te r ing algori thm used opera tes in two p a s s mode. In the 
f i rs t p a s s , the programme r ead through the da ta set and 
sequen t i a l ly bui ld c lus te rs (group of point in spec t r a l space) . 
There is mean vector assoc ia ted with each c lus t e r . In the second 
p a s s , a minimum-distance to means algori thm is appl ied to the 
whole da ta set on p ixe l by p ixe l b a s i s , where each p ixe l is 
ass igned to one of the mean vectors c r ea t e in p a s s 1. 
(b) Supervised classif ication : 
In supervised c lass i f i ca t ion , the ana ly s t use pr ior 
knowledge of the scene under a n a l y s i s derived from field su rveys , 
and feeds sample information about different fea ture to be 
c lass i f ied by the computer. This sample information about 
different fea ture is commonly known a s t r a in ing s e t s . From the 
t r a i n i n g set - s t a t i s t i c a l pa ramete r s l ike mean vector for each 
c l a s s ^ s t a n d a r d devia t ion vector for each c l a s s , 
var iancG-co-var lancG matrix for each c lass a re compuLod for used 
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i n s u p e r v i s e d c l a s s i f i c a t i o n a l g o r i t h m . The a l g o r i t h m used i n t h e 
p r e s e n t s t u d y i s maximum l i k e l i h o o d a l g o r i t h m b a s e d on 
M a h a l a n o b i s minimum d i s t a n c e c l a s s i f i e d de f ined by t h e fo l lowing 
e q u a t i o n . 
G i (x ) = - H x - Ui) Ci (x*"- U i ) " ^ - d / 2 log (2TT) - U o g ( | Ci | ) 
+ log (P i ) - (3) 
w h e r e : G i (x ) = r e s u l t for c l a s s ' i ' on p i x e l x 
d = n u m b e r of c h a n n e l s i n t h e c l a s s i f i c a t i o n 
x = mean v e c t o r for c l a s s ' i ' 
TT = Pi = 3.1415 
I Ci I = d e t e r m i n a n t of c o v a r i a n c e m a t r i x 
Pi = Bi/Sum (Di) = a p r i o r i p r o b a b i l i t y for c l a s s ' i ' 
Bi = b i a s for c l a s s ' i ' 
Sum(n i ) = sum of b i a s e s for a l l c l a s s e s used 
t = s u b c r i p t d e n o t e s t r a n s p o s e 
Ti = th ros l io ld v a l u e TIIRS for c l a s s ' i ' 
I n maximum l i k e l i h o o d c l a s s i f i c a t i o n p r o b a b i l i t y of 
i n p u t p i x e l v a l u e o c c u r i n g in v a r i o u s c l a s s e s a r e c a l c u l a t e d a n d 
t h e p i x e l w i l l be a s s i g n e d to t h e c l a s s wh ich h a s got h i g h e s t 
p r o b a b i l i t y of l a b e l l e d ' u n k n o w n ' if t h e p r o b a b i l i t y v a l u e s a r e 
below a t h r e s h o l d s e t by t h e a n a l y s t . 
IRS LISS I I FCC of band 2, 3 and 4 of Agra Area (P la te No. 1) 
Subjected to l i n e a r con t ra s t s t r e t ch ing . The vegeta t ion in 
the image (yellowish pink tono) is seen in the top and bottom 
port ion of the photograph represen t ing the Older Yamuna Alluvial 
P l a i n . The Recent Yamuna Alluvial has been mapped along the 
Yamuna r i v e r in the FCC (darl^ blue tone) . 
. • • • • ' • - • ^ . . . x i i * . . * * * , 
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IRS LIS5 I I FCC of band 1, 3 and /, of Ayra niDtrict (Plate No 2 ) . 
The image of 512 x 5l2 p ixe ls was enhanced through a 
uniform dis t r ibut ion ctrctch or hlsLojram equa l i sa t ion Note "-he 
enhancement of l i nea r features liKe roads , r a i lway l ines e tc . m the 
image . The vegetat ion in the image has been expressed in the red 
colour. High moisture zone along the Yamuna r i v e r has been picked 
up c lear ly ( l ight blue tone) . 
\h',^ 
'"'J 
0^-V4 •.* •^  
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IRS LISS I I FCC of band 1, 2 and 3 of Agra Area (P la te No. 3). 
The FCC shows the Agra City (dark yellow tone) with 
c lear network of roads and ra i lway l ines , the vegeta t ion in the FCC 
(dark blue tone) has been mapped as a g r i c u l t u r a l l ands which have 
been mapped a s pa laeochanne ls in the a r e a . 
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IRS LISS I I FCC of band 2, 3 and Ext. F l i t . 4 (Plate No. 4 ) . 
, • . . > - " • ^ ' ' • • • " •• 
Note tha t enhancement of l i nea r fea ture in the image due 
to f i l ter ing appl ied on band 4. The flood p la in of the Yamuna has 
been mapped along the r ive r in the l ight b lu ish tone. The 
ag r i cu l t u r e /vege t a t i on ( reddish p ink tone) has been mapped in the 
top and bottom a r ea of the image. The major u rban bui l t up a r e a 
a r e c lea r ly v i s ib le in th is image. The filled up channel in the top 
left corner is c lea r ly ident i f ied on the image. 
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IRS LISS I I FCC o band 3, A and Pi l t . Ext. 2 (Plate No. 5) 
Note the development of point b a r s , channel b a r s e tc . 
along the Yamuna r ive r (white tone) . The l i n e a r features l ike 
r o a d s , r a i lway l ines and cana l s a re c lear ly v i s ib le in the image. 

6/f 
IRS LISS I I FCC of band 2, 3 and ra t io l /4(Plate No. 6 ) . . 
The FCC shows the exposed soil (white tone) in the 
cen t r a l and bottom portion of the ImayG. Tlie high moisture has 
been mapped along the r i ve r and in patches a l l over the image 
(blue tone) . The c u r v i l i n e a r pa t te rn of the paleochannel in the top 
left corner of the image is well pronounced. The limit of the u rban 
bu i l t up a rea is s h a r p . 
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IRS LI5S I I FCC of band 2, 3 and A heq. (Pla te No. 7 ) . 
The F C C shows the pa leochannels in the dark g ray tone. 
The Recent Flood Pla in of the Yamuna h a s been dlpicted by dark 
blue tone, the c i ty l imit of the Agra town is not d i scern ib le on the 
Image. The Recent Yamuna Alluvium has been mapped (violet tone) 
in the a r e a . The point b a r s and the channel b a r s a re c lear ly 
v i s ib l e in the image. 
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GEOLOGY 
General Statement : 
The a rea between north l a t i t ude 27° .0 ' to 27°.30' and 
eas t longi tude 77° .15 ' to 7 8 ° . 0 5 ' , which is included in the 
toposheet Nos. 5AE and S'll was studied to e v a l u a t e the 
photographic and geotechnical c h a r a c t e r s . 
Geologically the a rea comprise the Quaternary cover 
and the Proterozoic basement . The Quaternary sequence comprise 
Older Alluvium, Newer Alluvium, Recent Yamuna Alluvium and 
Aeolian cover depos i t s . The Proterozoic basement comprise rocks 
of Delhi Supergroup and sedimentary sequence of Vindhyan 
Supergroup . The out crop densi ty of the basement rock is low. 
Delhi Supergroup forms isola ted s t r u c t u r a l h i l l s and hogbacks . 
The Vindhyan mostly occur as subcrops and a r e not detected from 
the space d a t a . 
The l i t h o s t r a t i g r a p h i c succession given by sant et a l ; 
1980 has been followed for the basement rock . The Quaternary 
Sequence in tlio s tudy a rea liar. boon dcHnoatod Into four 
formational un i t s based on the morphology and landforms of the 
Alluvial un i t s and Aeolian cover. 
The genera l i sed geological succession in the s tudy a r e a 
has been given in the Table 19. 
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Recent Yamuna Alluvial 
Formation. 
Newer Al luvia l Formation 







Araul i Formation 
Dharkol Formation 
Thana Ghazi Formation 
Seriska Formation 
Kusha lga rh Formation 
P a r t a b g a r h Formation 
Kankwarhi Formation 
Rajgarh Formation 
Delhi Supergroup : 
Delhi Supergroup h a s a thick pile of dominantly 
ca lcareous sequence at the b a s e , a renaceous member in the middle 
and a rg i l l aceous sequence at the top occur ing with f i rs t order 
unconformity over the Bhilwara Supergroup in Alwar, Bhara tpur 
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Sec t i on . The r o c k s h a v e u n d e r g o n e r e g i o n a l me tamorph i sm to 
g r e e n s c h i s t f a c i e s a n d h a v e been s u b j e c t e d to p o l y p h a s e 
d e f o r m a t i o n which h a s d o m i n a n t NE-SW t r e n d . The deep e r o s i o n 
h a s exhumed the r e s i s t a n t q u a r t z i t o s e q u e n c e of Alwar and 
A j a b g a r h G r o u p , wh ich h a v e d e t e r m i n e d t h e a r c h i t e c t u r e of 
A r a v a l l i m o u n t a i n r a n g e s i n R a j a s t h a n . 
S t r a t i g r a p h i c a l l y t h i s S u p e r g r o u p i s d i v i s i b l e i n t o Ra i a lo 
Alwar a n d A j a b g a r h G r o u p s , h a v i n g a t h i c k n e s s of a b o u t 6000 m. 
The R a i a l o g r o u p i s d o m i n a n t l y c a l c a r e o u s in n a t u r e the 
Alwar Group i s a r e n a c e o u s a n d A j a b g a r h Group i s a r g i l l a c e o u s in 
c h a r a c t e r , c o m p r i s i n g q u a r t z i t e , b i o t i t e s c h i s t , c a l c s c h i s t , 
p h y l l i t e , m a r b l e w i th s u b o r d i n a t e c o n g l o m e r a t e s e t c . The r o c k s 
of Alwar a n d A j a b g a r h Groups a r e e x p o s e d i n t h e w e s t e r n p a r t of 
t h e s t u d y a r e a . 
Alwar Group : 
An A r e a n a c o o u s a s s e m b l a g e s of c o n g l o m e r a t e s , a r k o s o , 
f e l d s p a t h i c q u a r t z i t e , s c h i s t a n d c a r b o n a t e s , rrietiLimorphosed to 
v a r y i n g d e g r e e of r c c r y s t n l l l s a t l o n h a s been n s s l g n o d to Alwnr 
G r o u p . The r o c k s from s t r u c t u r a l h i l l s a n d h o g b a c k s a r e 
p r e d o m i n a n t f e a t u r e i n t h e a r e a . The q u a r t z i t e wi th i n t e r b a n d of 
c o n g l o m e r a t e s a r e d o m i n a n t l i t h o l o g y i n t h e a r e a . The c o n t a c t 
be tween t h e Alwar a n d R a i a l o is not d i s c e r n a b l e from TM d a t a , 
Sant et a l . (1980) h a v e r e p o r t e d i t a s s t r u c t u r a l d i s c o r d a n c e a n d 
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local b reak in sedimentat ion. The Table 20 represen t s 
s t r a t i g r a p h i c cor re la t ion of Alwar Group in the s tudy a r e a . 




Massive o r thoquar t z i t e with minor 
se r ic i t e q u a r t z i t e and sch i s t . 
Sericite sch i s t , qua r t z -b io t i t e 
sch is t , garne t i fe rous b iot i te schis t 
and anda lu s i t e -b io t i t e schis t with 
minor q u a r t z i t e and local 
conglomerates . 
Conglomerate, a rkos ic q u a r t i z i t e , 
fe ldspa th ic q u a r t i z i t e , minor 
se r i c i t e , q u a r t z i t e e tc . 
The rocks of the Alwar Group are exposed in the 
western p a r t of the s tudy a r e a around Alwar, Ra jgarh , Ferozpur 
Jh i rka , which are re fe r rab le to the Ra jgarh , Kankwarhi and 
P a r t a b g a r h Formations of the Alwar Group. The de ta i l s of the 
l i thoun i t s a r e presented a t formational l e v e l . 
Rajgarh Formation : 
The Rajgarh Formation h a s been named after Rajgarh 
town and consis t of Conglomerates and Pebbly q u a r t z i t e . It is 
the lower most uni t of the Alwar Group. 
In TM FCC a small l i n e a r outcrop of these rocks is 
seen with dark tone and coarse t ex tu re . The ^;^agetation cover is 
thick and d r a i n a g e is coa r se , ex t e rna l and dendret ic p a t t e r n . 
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Landforms a r e hogback slopes and s t r u c t u r a l h i l l moderately 
d ipping s t r u c t u r e for the rocks of Rajgarh Formation. 
Kankwarhl Formation : 
Kankwarhi Formation is named af ter Kankwarhi v i l l a g e , 
where the most i l l u s t r a t i v e sequence of the formation is exposed. 
I t over l ies conformably the q u a r t z i t e of Rajgarh Formation and 
comprise a rg i l l aceous sequence with in te rc la t ion of q u a r t z i t e , it 
h a s been metamorphosed to schis t and compositionaly v a r i e s from 
ser lc i te biot i te schist to garnet i ferous and anda lus i t o sch i s t . 
Locally th in in t e rc l a t ion of q u a r t z i t e and conglomerate a re 
repor ted from the rock of Kankwarhi Formation. 
These rocks exhib i t b r igh t yellowish tone in TM FCC 
and the d r a i n a g e is p a r a l l e l control led by formational con tac t s . 
The rocks exhib i t h igh res i s tance to erosion where micaceous 
conglomerate and quar tz i t e are exposed. 
Partabgarh Formation : 
I t is uppe r most formation of the Alwar Group, named 
after the P a r t a b g a r h town where the type section is developed. 
The q u a r t z i t e which Is dominant uni t exposed in the a rea is 
medium to coarse g r a i n , h ighly r e c r y s t a l l i s e d and massive, 
y r a y l s h white in colour and forms prominent hogbacks r i d g e s . 
I t s high r e s i s t ance to erosion give r i se to s t r u c t u r a l h i l l s . 
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In TM FCC rocks d i sp lay deep brownish tone and 
coarse t e x t u r e . The d r a i n a g e pa t t e rn is e x t e r n a l , the f i rs t order 
channels a r e joint controlled and show p a r a l l e l pa t t e rn on the 
hogback s lopes . The t r end of the second order and th i rd order 
channel a r e controlled by the formational s t r i ke in the a r e a . 
Ajabgarh Group : 
Argil laceous sequence with s u b - o r d i n a t e ca lcareous and 
arenaceous s i l ic ic c las t i c dominantly developed a t Ajabgarh in 
the Alwar d i s t r i c t h a s been named a s Ajabgarh Group. The 
Ajabgarh Group has been subdiv ided into five formation by san t 
et a l . (1980), Table 21 represen t s s t r a t i g r a p h i c sequence in the 
s tudy a r e a . 
TABLE 21 
Araul i Formation 
Bharkol Formation 
Thanaghaz i Formation 
SCFiska Formation 
Kusha lgarh Formation 
Phyl l i te in t e rc l a t ed with qua r t z i t e sha le 
and /o r s l a te ( g a r n e t , s t au ro l i t e bea r ing ) 
Gritty qua r t z i t e , q u a r t z i t e with 
i n t e r l aye red p h y l l i t e , carbonaceous 
phy l l i t e and s ch i s t . 
Phyl l i te a n d a l u s i t e biot i te ser ic i te 
schis t ya rno t ch lor i te DclilsL, 
carbonaceous phy l l i t e with marb le . 
nrocciatod qua r t z i t e 
Impure s i l ic ious marb le , amphibole 
q u a r t z i t e . 
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Kushalgarh Formation : 
The Alwar Group of rocks a re followed by the rocks of 
Ajabgarh Group through a t r a n s i t i o n a l sequence of carbonate 
sedimentat ion, which has been mapped a s Kusha lgarh Formation 
des igna ted after Kushalgarh Fort , where most i n s t ruc t ive sequence 
of impure l imestones, banded marble and ca lc s i l i ca t e s rocks a re 
exposed. The Kushalgarh Formation in the s tudy a rea comprise 
banded marble with minor in t e rc l a t ion of se r i c i t e schis t and 
dolomatic marb le . 
Under TM FCC the l i t hocha rac t e r s have been marked by 
thick vegetat ion cover . However s t r u c t u r a l t r end are c lear ly 
v i s ib le following the rocks of the unde r ly ing sequence of 
P a r t a b g a r h Formation. 
Seriska Formation : 
The chemogenic environment t ha t . developed dur ing the 
Kusha lgarh sedimentation pers i s ted but the carbonaLc 
sedimentat ion was rep laced by deposit ion of bedded che r t . The 
chort whicli has dovolopod into iTornstonc broccin liar. been 
ass igned a s Serislta Formation after the Seriska games Sanctury , 
where the hornstone brecc ia form conical peak and res i s t ance 
armour to the h i l l s su r rounding the Seriska r e se rve forest . 
The bedded chert is seen a s in t e rc la t ion within the 
Seriska Formation. The hornstone breccia h a s undergone regional 
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metamorphism and a t p laces approximate brecc ia ted q u a r t z i t e . 
The rocks of th i s formation exhib i t da rk tone, coarse 
t ex tu re and a n g u l a r d r a i n a g e p a t t e r n . 
Thana Ghazi Formation : 
Overlying Seriska Formation is Thana Ghazi Formation 
comprising carbonaceous phyl l i te and in t e r ca l a t ed marble exposed 
a s p a t c h e s . These rocks reflect brownish tone, coarse t ex tu re , 
d r a inge is external^ rel ief i s low. 1st order channels a re joint 
controlled showing p a r a l l e l p a t t e r n , 2nd & 3rd order channels 
have a n n u l a r p a t t e r n . The a l t e ra t ion of h a r d e r and softer 
l i thologies give r ise the Rib and Furrow topography . 
Bharkol Formation : 
Thana Gliazl Formation iz over la in by nharkol 
Formation. I t comprises gri t ty qua r t z i t e with i n t e r l a y e r e d phyl l i t e 
and carbonaceous p h y l l i t e . The rocks of th i s formation d i sp lay 
l i gh t green tone and coarse to medium t e x t u r e . The d r a i n a g e of 
the a r ea is ex t e rna l with a n g u l a r p a t t e r n . These rocks can be 
seen, between North-East of Rajgarh and a re contineously te raced 
nor thwards into I la ryana and the National c a p i t a l region of Delhi. 
Arauli Formation : 
The Araul i Formation is the youngest formation of 
Ajabgarh , th i s formation is comprising an assembleges of 
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garnet i ferous ch lor i te schis t and ga rne t b e a r i n g s t au ro l i t e sch i s t . 
However no out crop of t h i s formation i s recorded in the study-
a r e a . 
Vindhyan Supergroup : 
The Vindhyan Supergroup h a s a very simple geology in 
the s tudy a r e a . The Vindhyan rocks a re very gent ly warped 
around NE-SW t rend ing a x e s . The Vindhyan rocks in the a rea 
comprise a l t e r n a t i n g sequence of Sandstone and Shale referable to 
Rewa and Bhander Groups. The Rewa and Bhander Sandstones 
developed in the s tudy a r e a . The sha les occur as subcrops , seen 
in the well sec t ion . 
Table 22 
Bhander Group Upper F3handQr Sandstone 
Rewa Group Rewa Sandstone 
Vindhyan 
Supergroup 
Acid In t ru s ive 
Basic In t ru s ive 
Delhi Supergroup 
Rewa Group : 
TliG rocl^G of Uowa Group a r e exposed a s isolatod 
; in l iers within the Older Alluvium, south west of Fa tehpur S ikr i . 
In TM FCC th i s sandstone d i sp lay l ight tone, and 
shows medium to coarse t e x t u r e , they have low res i s t ance to 
eros ion. 
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Bhander Group : ^ , 
The outcrop of sands tone referable to Bhande r Group 
has been recorded South and South-West of Fa tehpur S ik r i . The 
Sandstone a re l igh t in colour well bedded and form .low mounds 
and isola ted cuesta s lope . 
In TM FCC th i s Sandstone displays l igh t tone, and shows 
medium to coarse t e x t u r e , they have low re s i s t ance to erosion. 
QUATERNARY ALLUVIUM 
General Statement : 
The s tudy a r e a form a p a r t of Yamuna Plain of 
Quaternary a g e . Tho al luvium has bcon der ived from the 
Himalayan r a n g e s and the Bundelkhand h i g h l a n d s by the r ive r s 
flowing into the Indo-Ganget ic foredeep. The formations are 
mainly composed of s and , sandy c lay , clay with v a r y i n g amount 
of Kankar and are re fe rab le to Quaternary per iod . 
The Older Alluvium genera l ly occupies a l a r g e p a r t of 
the a rea away from Recent Flood Plain of Yamuna, the Newer 
Alluvium occupy low lying a r e a s within the Older Alluvium. 
However the l i tho log ica l c h a r a c t e r s of Older Alluvium and Newer 
Alluvium nro more or Icr.r. r.linllar. The Recent Flood lUnln 
deposits a re des igna ted a s Recent Yamuna Alluvial Formation and 
i t is developed along the narrow flood pla in of the r ive r . 
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The Q u a t e r n a r y Sed imen t s h a v e been o v e r l a i n by t h e 
Aeol ian Cover of t h e s a n d s h e e t wh ich r e p r e s e n t s the e a s t e r n 
m a r g i n of the a r i d f r o n t i e r b e t w e e n B h a r a t p u r a n d A g r a . 
Success ion : 
The Q u a t e r n a r y Cover Sed imen t s of t h e s t u d y a r e a a r e 
r e f e r a b l e to Older A l l u v i a l F o r m a t i o n , Newer A l l u v i a l F o r m a t i o n , 
Recent Yamuna A l l u v i a l F o r m a t i o n a n d Aeol ian C o v e r . The 
geomorpho logy of t h e a r e a e x h i b i t p o s i t i v e c o r r e l a t i o n wi th 
l i t h o l o g i c a l f o r m a t i o n s . G e n e r a l i s e d s e q u e n c e of g e o l o g i c a l 
f o r m a t i o n s h a s b e e n g i v e n i n t h e T a b l e 2 3 . 
TABLE 23 
Q u a t e r n a r y 
Al luv ium 
Geolog ica l 
Formation 
Aeol ian Cover 
Recent Yamuna 
A l l u v i a l 
F o r m a t i o n 
Newer A l l u v i a l 
F o r m a t i o n 
Olde r A l l u v i a l 
F o r m a t i o n 
Litho logy Geomorphic 
Units 
S a n d s , K a n k a r Sand b o d i e s 
Micaceous g r a y 
S a n d s 
A c y c l i c s e q u -
ence of b r o w n i s h 
yel low s i l t & g r a y 
micaceous s a n d 
G r a y , Yel low/ 
Brown c l a y / 
Si l t c l a y l o a m / 
Sil t l o a m . 
Po in t b a r , 
C h a n n e l b a r . 
Flood p l a i n . 
P a l e o c h a n n e l s . 
Cut off m e a n d e r s , 
P a l e o c h a n n e l s . 
Older A l l u v i a l L-'onnation : 
A ye l low a n d g r a y c l a y , s i l t c l a y , loam a n d s i l t y 
l oams o c c u r i n g a b o v e 165 M ( M . S . L . ) c o n t o u r c o n s t i t u t i n g a v a s t 
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Alluvial P l a in , whose monotomy h a s been punc tua ted by cutoff 
meanders and pa leochanne l s . This l ayered sequence has been 
des ignated a s Older Alluvial Formation. 
The Older Alluvial Formation occur a s fill in the vas t 
Indo-Ganyet ic forodoop sepa ra t i ng the newly ra i scn Himalaya from 
the Archean basement of Bundelkhand . The sedimentat ion was 
controlled by the two watershed o r ig ina t ing from the Bundelkhand 
u p l a n d s in the South and the tectonic l ands of the newly ra i sen 
Himalaya. The sediments supply from the two petrological 
provinences of Archean and Ter t i a ry per iods is reflected in the 
subsurface geology of the Indo-Ganget ic f i l ls as seen in the 
borehole da ta (O.N.G.C. on the bas i s of geophysical survey 
Sas t r i , et a l . 1971) . 
In the TM FCC the Formation shows medium tone, the 
vegetat ion cover exh ib i t medium to da rk g ray tone, the t ex tu re of 
th i s l i thouni t i s f ine, vege ta t ion shows matted t ex tu re and the 
settlement shows blocky t e x t u r e . The d r a i n a g e in the a rea is 
ex te rna l with dendrot ic p a t t e r n . Bedding is present in the a rea 
where Yamuna has cut through a Older Alluvium along i ts 
channe l . The formational boundar ies a re i r r e g u l a r , the 
a g r i c u l t u r a l fields and human set t lements cover most of the a r e a . 
The narrow and steep gulloy profile sugges t fine g ra in c las t i c , 
c l ay , s i l t and loam. The s ca r s of Dl d r a i n a g e system indica te a 
nor ther ly d r a i n a g e o r ig ina t ing from Bundelkhand up lands into the 
Indo-gange t i c foredeep. 
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Newer A l l u v i a l Formation : 
The s e d i m e n t s c o m p r i s i n g b r o w n i s h yel low s i l t a n d g r a y 
micaceous s a n d o c c u r i n g a s c h a n n e l f i l l s of t h e Dl d r a i n a g e 
sys tem a n d low l y i n g a r e a s i n t h e Yamuna b a s i n r e p r e s e n t s the 
Newer A l l u v i a l F o r m a t i o n . These o c c u r a s o u t l i e r s w i t h i n the 
Older A l l u v i a l F o r m a t i o n , o c c u r r i n g a t h i g h e r e l e v a t i o n t h a t t he 
Recent Flood P l a i n d e p o s i t s of t h e Yamuna r i v e r a n d p r e s e n t d a y 
c h a n n e l d e p o s i t s . I n t h e f ie ld t h e Newer A l l u v i a l F o r m a t i o n i s 
r e c o g n i s e d on the b a s i s of i t s s p a t i a l a s s o c i a t i o n wi th low l y i n g 
a r e a s i n t h e t o p o g r a p h i c l a n d s c a p e . 
Newer A l l u v i a l f i l l s of t h e Yamuna v a l l e y occu r a s 
i s o l a t e d o u t c r o p s s h o w i n g h i g h l y i r r e g u l a r c o n t a c t s a n d o u t c r o p 
d i s t r i b u t i o n ( Fig . 10 ) . 
The f a c i e s fence be tween t h e Dl c h a n n e l a n d Newer 
A l l u v i a l f i l l s r e p r e s e n t p e r i o d of b r e a k s a n d p o s s i b l y 
n o n - d e p o s i t i o n a l unconfo rmi ty of t h e n a t u r e of w a s h o u t . The 
r i v e r c u t s s u g g e s t a c y c l i c s e q u e n c e of b r o w n i s h ye l low s i l t a n d 
g r a y m i c a c e o u s s a n d which c o n s t i t u t e Newer A l l u v i a l f i l l s . The 
Newer A l l u v i a l F o r m a t i o n occur a s a l l u v i a l f i l l s in t h e s t u d y a r e a 
few meter a b o v e t h e Recent Yamuna Flood P l a i n . The l a n d u s e of 
Newer A l l u v i a l f i l l s i s for d e v e l o p m e n t of s e t t l e m e n t a n d e x t e n s i v e 
a g r i c u l t u r a l a c t i v i t y . The c h a n n e l f i l l s a r e u s e for c u l t i v a t i o n . 
The c h a n n e l f i l l s of Newer A l l u v i a l F o r m a t i o n a r e 
g e o m o r p h o l o g l c a l l y a s s o c i a t e d wi th t h e D2 d r a i n a g e sys tem in the 
Yamuna v a l l e y . 
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I n t h e TM FCC t h e fo rma t ion shows d a r k to medium 
p h o t o t o n e , d a r k tone i s due to h i g h m o i s t u r e c o n t e n t in t h e s o i l . 
The t e x t u r e of t h i s l i t h o u n i t i s e v e n , t h e d r a i n a g e i s e x t e r n a l 
a n d d e n d r e t i c . The l i t h o u n i t shows low r e s i s t a n c e to e r o s i o n , t h e 
v a l l e y a r e n a r r o w a n d s t e e p , t h e b o u n d a r i e s a r e i r r e g u l a r in 
s h a p e . The h u m a n i n f l u e n c e i n t h e l i t h o u n i t i s b l o c k y i n t e x t u r e 
a n d c a n b e p u t u n d e r u p l a n d c u l t i v a t i o n . 
Recent Yamuna A l l u v i a l Formation : 
The m i c a c e o u s g r a y s a n d , s i l t a n d c l a y o c c u r i n g j u s t 
a b o v e the r i v e r c h a n n e l c o n s t i t u t e Recent Yamuna A l l u v i a l 
F o r m a t i o n d e p o s i t e d a l o n g t h e r e c e n t flood p l a i n of t h e Yamuna 
r i v e r . The Gcdimonts d e p o s i t e d a s p o i n t b a r s , c h a n n e l b a r s a n d 
t e r r a c e d e p o s i t s h a v e been d e s i g n a t e d a s Recent Yamuna A l l u v i a l 
F o r m a t i o n . 
The l i t h o u n i t s c o n s t i t u t i n g t h e f o r m a t i o n a r e d e v e l o p e d 
a l o n g the r i v e r c l i a n n o l s , n a l a s a n d the r e c e n t Yamuna flood 
p l a i n . These d e p o s i t s r e s t s o v e r Newer A l l u v i a l F o r m a t i o n a n d 
Older A l l u v i a l F o r m a t i o n i n d i f f e r en t s t r e t c h e s of Yamuna v a l l e y . 
The Yamuna i s an e n t r e n c h e d r i v e r c u t t i n g t h r o u g h t h e e a r l i e r 
f o r m a t i o n s (Older A l l u v i a l F o r m a t i o n a n d Newer A l l u v i a l 
F o r m a t i o n ) . The e a r l y p h a s e of t h e Yamuna flood p l a i n 
r e p r e s e n t s e r o s i o n a l goomorpholo gy.. The neo tec ton i sm a l o n g the 
F a i z a b a d K a n p u r g r a i n r e s u l t e d in t h e l o c a l obs t ry ic t ion to t h e 
c h a n n e l d e v e l o p m e n t . T h i s i n i t i a t e d d e v e l o p m e n t of c o m p r e s s e d 
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meanders and accompatiying sedimentat ion of the Recent Yamuna 
Alluvial Formation. 
In TM FCC- the fornvation shows dark tone but sand 
deposi ts give l igh t tolie. The da rk tone is due to high moisture 
content . The set t lements show l ight g r ay tone, the t ex ture is 
fine and vegeta t ion gives wooly t ex tu re due to crown of the t rees 
and the tfimporary sett lement shows blocliy t e x t u r e . The d r a i n a g e 
is ex te rna l and the l i thoun i t s show low re s i s t ance to erosion, the 
boundar ies a re i r r e g u l a r . The vegeta t ion and human influence 
a re s c a n t y . The uni t is s p a t i a l l y assoc ia ted with present 
channel of ' Yamuna and Recent Yamuna flood p l a in , it thorcforo 
represen t the youngest formation of Yamuna v a l l e y . 
Aeolian Cover : ' 
East of Alwar and West of Agra a vas t expanse of 
aeol ian s i l ic ic e las t ics h a s been deposited which extend upto 
Fa tehpur S ikr i , B h a r a t p u r , Dig, Kuma l ine West of Mathura . 
The dominant size of the aeol ian c las t i c va r i e s from 
fine to very fine s a n d , the pa r t i c l e size is moderately well sorted 
and skewness is extremely l ep tokur t i c . 
In TM FCC the Aeolian Cover shows l i gh t tone duo to 
low moisture content . The tex ture of th i s uni t is medium to 
coa r se , the unit shows spa r sed vege ta t ion . The d r a i n a g e is 
spa r s e ex te rna l d r a i n a g e is genera l ly absent in the sand cover. 
83 
The rel ief is i r r e g u l a r and the sand covers has given r i se to flat 
s t ruc tu res l andscape in conformity with the subsurface l andscape 
of the Older Alluvial P l a i n . Locally in the neighbourhood of 
s t r u c t u r a l h i l l s and hur r i ed pediments the Aoolian Sand Cover 
deposits exhib i t undu la to ry su r face . 
a 
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GEOMORPHOLOGY 
The Geomorphological s tud ies in the Yamuna sub -bas in 
have been car r ied out in order to unders tand the neotectonic of 
the Yamuna v a l l e y . Historical ly Yamuna has been p a r t of Luni 
d r a i n a g e system cont r ibu t ing to the western d r a i n a g e of the 
Ind ian shield (Ahmad F . ) . During the l a s t 3000 - 5000 years 
(Mahabhara t time) the Yamuna underwent d r a s t i c change in the 
d r a i n a g e ; i t ha s became p a r t of the Ganges d r a i n a g e system. 
The change in response to the neotectonics h a s been a major 
event which a l te red the environmental dynamic of the western 
Ind ia chnnying Lho cciLcUincnL o£ Luni 5y£>Loiii from lliiiiaiayan to 
Arava l l i wa te r shed . This environmental changes was pe rhaps 
respons ib le for the subsequent socio-economic and demographic 
l andscape of- I n d i a . 
The present s tudy is directed to i n t e rp re t e the 
geomorphic s i g n a t u r e of the neotectonics in Agra, Bhara tpur 
region using the space d a t a . 
Geomorphological Surface : 
Tho a rea under s tudy exhibi t five ourfacos wlilch occur 
a s d i scont inut ies in the l andscape evolution of the a r e a . In the 
ascending order of tlio an t iqu i ty tlio scciuonco lias boon proscntcd 
in the Table 24. 
TABLE 24 
5 Aeol ian Cover 
4 Recent Yamuna Flood P l a i n 
3 Newer A l l u v i a l F i l l s 
2 Older A l l u v i a l P l a i n 
1 K u s h a l g a r h S u r f a c e ( P l a n a t i o n S u r f a c e ) 
Kusha lgarh Surface : 
T h i s l a n d r . u r r a c c o c c u r s a s I s o l a t e d l i l l locko c incrg lny 
from t h e Q u a t e r n a r y c o v e r . G e o m o r p h o l o g i c a l l y t h e s u r f a c e 
r e p r e s e n t s an e r o s i o n a l p l a i n c o r r e s p o n d i n g to 350 M, ( M . S . L . ) . 
The c o n t i n u i t y of t h e l a n d s u r f a c e h a s b e e n e r a s e d by deep 
e r o s i o n . The r e m n a n t s of t h e p l a n e r s u r f a c e a r e de f ine by 
i s o l a t e d s t r u c t u r a l h i l l s , h o g b a c k s a n d e r o s i o n a l h i l l s . 
The s u r f a c e i s d e v e l o p e d a s I n l i e r s a r o u n d Alwar , 
R a j g a r h a n d F e r o z p u r J h i r k a . I t i s de f ined by p r e s e n c e of 
l i t h o - t y p e s c o r r e s p o n d i n g to d i f f e r e n t s t r a t i g r a p h i c l e v e l s a t the 
s a m e geomorph ic p l a i n , wh ich s u g g e s t a p e r i o d of p e n e p l a n a t i o n 
d u r i n g t h e e v a l u a t i o n of t h e K u s h a l g a r h S u r f a c e . Based on 
r e g i o n a l c o r r e l a t i o n t h i s s u r f a c e c a n be a s s i g n e d to Mesozoic a g e 
(Kazem U a n g z a n 1990) . 
I n t h e TM FCC t h e r e m n a n t of s u r f a c e e x h i b i t 
d a r k tone medium to c o a r s e t e x t u r e , t h e s u r f a c e a r e c o v e r e d by 
s p a r s e v e g e t a t i o n a n d r e s i s t a n c e to e r o s i o n i s h i g h . 
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Older Alluvial Plain : 
The eroded Delhi basement and poss ibly younger cover 
of v i n d h y a n s in the Agra, Bhara tpur region is covered by the 
Quaternary a l l u v i a l depos i t s , which rep resen t s the Older Alluvial 
Formation. I t comprise s i l t , c l a y s , sand and Kankar . The sand 
bed a r e l e n t i c u l a r ; s i l t and clay a r e cha rac t e r i s ed by presence 
of s t r a t i f i ca t ion and low l en t i cu l a r i ndex . 
The Older Alluvial P l a i n r ep re sen t s a deposi t ional 
surface whoso conl inuty is punctuated by the s ca r s of the e a r l i e r 
d r a i n a g e s which now occur a s Pa leochanne l s . The a l l u v i a l pla in 
is cha rac t e r i s ed a s uniform monotonous aggreded sur face . 
Corresponding to 165 W- ( M . S . L . ) . Extensive l anduse for 
a g r i c u l t u r a l p rac t i ces have e rased the deposi t ional geomorphology, 
the l andscape is mostly defined by c u l t u r a l ac t iv i ty (human 
set t lements , bu i l tup a r e a s , communication, a g r i c u l t u r a l field) . The 
Older Al luvia l P la in r ep re sen t s near ly f lat ground with l i t t l e 
g rad ien t the r eg iona l slope is towards sou th-eas t d i rec t ion . 
On the TM FCC the formation exh ib i t l igh t g ray tone 
and shows fine to medium t e x t u r e , the relief of the a rea is lower 
than Aeolian surface (f lat and low), tlio vegeta t ion is sca t te red , 
mainly along the pa leochannels and around the se t t lements . The 
pa t t e rn of the d r a i n a g e in the a rea is coarse dendre t ic with 
pa l eochanne l s . The a r ea has low re s i s t ance to e ros ion . 
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Newer Alluvial Fi l l s : 
This r ep re sen t s the ou t l i e r s of the geomorphic surfaces 
which occur a s f i l ls over the sca r s of the p a l e o d r a i n a g e in the 
Older Alluvial P l a i n . The Newer Alluvial F i l l s • define the 
paleochannels and the paleo flood p l a i n s in the a r e a . 
Geomorphologically the Newer Alluvial F i l l s a re ident i f ied by the 
pa leochanne l s , meanders , cutoff meanders , channel f i l ls e t c . , the 
development of Newer Al luvia l F i l l s r ep re sen t s a phase of 
neo-tectonism, which increase the local base level of erosion and 
resu l ted in the development of the f i l l s . 
The Newer Alluvial F i l l s genera l ly r ep resen t depressed 
and e rased topography within the Older Alluvial P l a i n s . The 
l and surfaces mapping of th i s uni t i s possible by looking at the 
topograph ica l rel ief . An in te res t ing fea ture of the Newer Alluvial 
F i l l s is t h a t , these represen t a period of nor ther ly d r a i n a g e in 
the Agra, Bhara tpur region in cont ras t to the souther ly d ra inage 
of the present day Yamuna flood p l a i n . 
On the TM FCC th i s formation exhib i t by medium to 
dark g ray tono and sliows niodium to coarse t e x t u r e . The 
vegeta t ion is thick mainly along tlio pa leochannels which i nd i ca t e 
high moisture zone. The d r a i n a g e pa t t e rn is subdendre t ic and 
the relief is low. 
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Recent Yamuna Flood Plain : 
The Yamuna has developed i t s flood p la in in narrow 
belt from by erosion of e a r l i e r geomorpliic p l a i n s of the Older 
and Newer Alluvial depos i t s , the development of the Yamuna Flood 
Pla in deposi ts in the Agra, Bhara tpur region is p a r t of the major 
l andscape changes tha t have been brought about by the 
neotectonism which is post newer al luvium in a g e . The Yamuna 
Flood Pla in is cha rac t e r i s ed by development of compress meanders 
and meander s c a r s , phys iog raph ica l ly i t r ep resen t s a depressed 
an entrenched channel cu t t ing through Newer and Older Alluvium 
cha rac t e r i s ed by deposi ts which a r e flood p l a in f i l ls occuring a t 
the lowest level in the a r e a . 
In the TM FCC the Recent Yamuna Flood Plain d i sp lay 
l i gh t g r ay to reddish tone, the t ex tu re is fine to medium, the 
vegeta t ion is thick a t p l aces , some forest cover a r e also seen, 
the d r a i n a g e pa t t e rn exhib i t erai,sed system a t p laces with 
compressed meander near Agra and Mathura , the d r a i n a g e shows 
some cutoff meanders . The rel ief of the p l a in is lower than 
Newer Alluvial surface and Older Alluvial su r face , the res is tanco 
to erosion is low. 
Aeolian Cover : 
To eas t of the Arava l l i o rographic t rend between Alwar 
and Ferozpur Jliirka a vas t expanse of aoolian s i l ic ic c las t ic liris 
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been mapped which extend upto the Fa tehpur S ikr i , Bha ra tpu r , 
Dig, Kuman l ine West of Mathura . The development of the a r id 
front ier is i l l defined fence between the aeolian and f luvial s i l ic ic 
c las t ic of the Quaternary Cover- Geomorphologicaly the sandy 
t r a c t between Alwar and Dhara tpur has been mapped as Aeolian 
Cover. The l andsur face is charac te r i zed by ro l l ing topography . 
The aeol ian cover between Alwar and Bhara tpur i s in the na tu re 
of sandshee t cha rac t e r i s ed by fine gra ined sand and s i l t depos i t s . 
The surface Inhoinogonicty li.ivi^ boon onTiood by consLciuL 
wind ac t ion . The sand is mostly s t a b l i s e d . The surface d r a i n a g e 
is conseqously absen t . The a rea has i n t e r n a l d r a i n a g e reflect ing 
high porosi ty and pe rmeab i l i ty . The l anduse in the Aeolian 
Cover is select ive in the local depression which support well 
i r r i g a t e d a g r i c u l t u r e . 
The dominant s i /o of the aeol ian c las t i c v a r i e s from 
fine to very fine s a n d , the pa r t i c l e size is moderately well sorted 
and skewness is extremely l ep tokur t i c . 
In the TM FCC the Aeolian Cover d i sp lay l i gh t g ray to 
greenish yellow tone, the t ex ture is medium to coarse , the a rea 
shows sparsed vege ta t ion , concentrated mainly a t places near 
set t lements and water bodies . The d r a i n a g e is developed a s main 
channel only a t few p laces and shows lack of r e g u l a r d r a i n a g e 
system, the relief i s low to moderate, which i n d i c a t e rol l ing 
p l a i n and they a re low re s i s t ance to e ros ion . 
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Geomorphic Units : 
The g e o m o r p h i c a n a l y s i s in p a r t s of A g r a , B h a r a t p u r 
d i s t r i c t s h a v e b e e n c a r r i e d out u s i n g v a r i o u s LANDSAT d a t a 
p r o d u c t s bo th i n v i s u a l a n d d i g i t a l mode to e s t a b l i s h t h e 
r e l a t i o n s h i p b e t w e e n t o p o g r a p h y a n d Q u a t e r n a r y geo logy of t h e 
s t u d y a r e a . V a r i o u s g e o m o r p h o l o g i c a l u n i t s h a v e been m a p p e d on 
the b a s i s of t o n a l , d r a i n a g e a n d l i t h o l o g i c a l v a r i a t i o n in the 
FCC. Geomorphic u n i t s w e r e d e t e c t e d a n d w e r e p i c k e d up by 
c o n v e r g e n c e of e v i d e n c e from r e c o g n i t i o n e l emen t s a n d in somo 
c a s e s by s p o n t a n e o u s r e c o g n i t i o n of t h e e l e m e n t . The fo l lowing 
u n i t s h a v e b e e n m a p p e d from the a r e a ( F i g . 11 ) . 
1 . Po in t b a r s 
2 . C h a n n e l s b a r s 
3 . P a l e o c h a n n e l s 
4 . G u l l i e s 
5 . D r a i n a g e sys t em 
6 . S t r u c t u r a l h i l l s a n d v a l l e y s 
7 . H o g b a c k s 
8 . E r o s i o n a l h i l l s 
9 . Ro l l ing p l a i n 
10. Sand b o d i e s 
1 . Point b a r s : 
Po in t b a r s a r e found on t h e convex s i d e of m e a n d e r s 
a n d g rows by i n d i v i d u a l i n c r e a m e n t o u t w a r d s In to t h e m e a n d e r s 
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GEOMORPHOLOGICAL MAP IN PARTS OF AGRA DISTT 
(INICAPfltlAllON FROM 1H FCCt 
.(U.PJ,AN0 BHARATPUR DlSTT.CRAJ-V 
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cnrvod 'J'IIP p a in t linr-:. nro inoc.tl.y r.anrly cloi )0'-, IL-". nlomj Lho 
convex m a r g i n a n d o c c u r a s r i d g e s w i t h i n t h e c h a n n e l . These 
a r e mostly seen a l o n g t h e Yamuna r i v e r a c r o s s i t s i n u o u s l o o p s . 
By u s i n g t h e s t a n d a r d FCC of b a n d s 2 , 3 , a n d 4 the 
p o i n t b a r s h a v e been m a p p e d . These a r e c h a r a c t e r i s e d by l i g h t 
photo tone , i n t e r n a l d r a i n a g e , p a u c i t y of b i o c o v e r , t h e t a p e r i n g out 
l i n e s of t h e l a n d f o r m a n d t h e i r s p a t i a l a s s o c i a t i o n w i t h i n the 
r i v e r c h a n n e l s . 
2 . Channel bars : 
The c h a n n e l b a r s a r e c l i a r a c t o r i s t i c a l l y wel l d e v e l o p e d 
i n t h e Yamuna r i v e r . The c h a n n e l b a r s a r e c h a r a c t e r i s e d by the 
l i n e a r i t y of t h e i r t r e n d i n homogenie ty wi th t h e o r i e n t a t i o n of t h e 
r i v e r c h a n n e l s . 
I n TM FCC t h e c h a n n e l b a r s e x h i b i t b rown to g r e e n i s h 
black tone , t h e i r t one d e p e n d upon t h e m o i s t u r e c o n t e n t of t h e 
channe l b a r s . 
3 . P a l e o c h a n n e l : 
The s c a r s of t h e m i g r a t o r y h i s t o r y of t h e r i v e r s in t h e 
i n t e r f l u e a n d flood p l a i n (of the r i v e r ) a r e d i s c e r n i b l e in the 
a r e a a s p a l e o c h a n n e l s . These a r e l o c a l d e p r e s s i o n a n d h a v e 
b e e n cutoff from t h e ma in d r a i n a g e sys tem due to d e p o s i t i o n a l 
b a r r i e r ac ross the P a l o o c l i a n n e l s . The P a l e o c h a n n e l s on the TM 
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FCC have boon picked up on the bas i s of the i r shape , relief 
cha r ac t e r i s t i c s and select ive l anduse (o rchard , p lan ta t ion e t c . ) . 
The Paleochannels occur a s p a r t i a l l y filled and f i l led- up sca rs 
which dur ing floods developed h y d r a u l i c contlnuety witli the 
exis t ing d r a i n a g e system of the a r e a . 
In TM FCC the Paleochannels exhib i t l igh t reddish to 
yellowish tone due to high moisture content , they show medium to 
coarse t ex tu re . The relief is high and they have low res i s t ance 
to e ros ion . 
4. Gullies : 
Small, l i n e a r to cu rv i l i nea r fea ture mainly along the 
bank of r ive r showing da rk tone have been in te rp re ted as Gullies 
on TM FCC. Gullies r e su l t from erosion by run off of the 
p rec ip i t a t i on . The i n i t i a l r i vu l e t s en la rge and t akes on a shape 
which is c h a r a c t e r i s t i c s of mate r ia l in which the Gullies a re 
carved. Gullies are bad land with nega t ive micro rel ief . 
5 . Drainage system : 
The a r ea under s tudy h a s three d i s t inc t type of 
d r a i n a g e system, they are recognised a s Dl, D2 and D3 d r a i n a g e 
system, which occur a s filled up channe l , p a r t i a l l y filled channel 
and channels of present day d r a i n a g e system respec t ive ly . 
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i ) Dl Dra inage System : 
I t i s t he o l d e s t d r a i n a g e sys t em in t h e s t u d y a r e a . 
The p a l e o c h a n n e l s h a v e b e e n f i l l ed u p , l o c a l l y showing m e a n d e r 
s c a r s a n d cutoff m e a n d e r s . The Ul p a l e o d r a i n a g e i s de f i ned a s 
low r e l i e f a r e a s in the Older A l l u v i a l P l a i n . The d r a i n a g e i s 
c h a r a c t e r i s e d by s i n u o u s i t y a n d c o m p r e s s e d m e a n d e r z o n e s . 
The Ul c h a n n e l morphomet ry h a s been o b l i t e r a t e d by 
l a t e r D2 d r a i n a g e sys t em which o c c u r a s s u p e r i m p o s e d d r a i n a g e . 
The Dl d r a i n a g e sys t em r e p r e s e n t s a flow r e g i m e from s o u t h - e a s t 
to n o r t h - w e s t . The r e g i o n a l s lope w a s from B u n d e l k h a n d u p l a n d s 
t o w a r d s t h e I n d o - G a n g e t i c t r o u g h . 
Under TM FCC the Dl d r a i n a g e sys tem h a s been p i c k e d 
u p a s p a l e o c h a n n e l s wi th low r e l i e f a n d e x t e n s i v e a g r i c u l t u r a l 
a c t i v i t y a long the p a l e o c h a n n e l s . The p a t t e r n of t h e c u l t i v a t i o n 
i s a r c u a t e fo l lowing t h e c h a n n e l b o u n d a r i e s of Dl wh ich o c c u r s a s 
m e a n d e r s c a r s a n d cutoff m e a n d e r s . The Dl d r a i n a g e i s 
r e c o g n i s e d by i t s a s s o c i a t i o n wi th Older A l l u v i a l P l a i n . 
i i ) D2 D r a i n a g e System : 
I t i s r e p r e s e n t e d by p a r t i a l l y f i l l ed u p c h a n n e l s . The 
D2 d r a i n a g e r e p r e s e n t s r e j u v e n a t i o n of n o r t h w e s t e r l y d r a i n a g e 
which r e s u l t e d in t h e c u t t i n g of t h e s c a r s by t h e p a l e o c h a n n e l s . 
The p a r t i a l l y f i l l e d up c h a n n e l s a t p l a c e s s u p p o r t e x t e n s i v e 
a g r i c u l t u r a l a c t i v i t i e s . Tlie D2 d r a i n a g e i s c l i a r a c t o r i s c d by 
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subdendre t ic d r a i n a g e , bas in l i n e a r i t y and e longa t ion . I'lio 
channels have been filled up a t p laces due to changes in the 
f luvia l dynamics . The D2 d r a i n a g e has c h a r a c t e r i s t i c s of 
youthful s t a g e . 
I n the TM FCC the pa leochannels a re marked a s 
depression on the Older Alluvial P l a i n . They support 
good cu l t i va t ion . They exhib i t da rk g ray photo-tone and wooly 
t ex tu re due to presence of vege ta t ion . 
i i i ) D3 Drainage System : 
The present day d ra inage is considered as 1)3 
d r a i n a g e . The d r a i n a g e channels are e ros iona l cu t t ing through 
the Alluvial Formation of Older and Newer Al luvia l P l a i n s . The 
present day D3 channels a re shallow and the main Yamuna 
channel is ontrcnclied. 
In the TM FCC the present day channel shows medium 
gray to da rk tone, fine t ex tu re dendre t ic to sub -dendre t i c 
pa t t e rn and negat ive rel ief . 
6. Structural Hills and Valleys : 
The pronounced well defined r idges and va l l eys a re 
c l ea r ly seen in the TM FCC, whose morphotectonics is controlled 
by s t r u c t u r e . The s t r u c t u r a l h i l l s and va l l eys have a NNE-SSW 
t r e n d , which becomes c u r v i l i n e a r due to polyphase deformation of 
the Delhi s u p e r g o r u p . The topography h a s not reached the 
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m a t u r e d s t a g e . Tlic a n t i c l i n e s forms s t r u c t u r a l h i l l s a n d s / n c l i n o 
de f ine c o m p l e m e n t a r y s t r u c t u r a l v a l l e y s . L o c a l l y t h e so f t e r 
l i t h o l o g i e s In the a n t i c l i n a l a x i a l zones l iave u n d e r g o n e 
a c c e l e r a t e d e r o s i o n a n d h a v e formed t h e e r o s i o n a l v a l l e y s . The 
r i d g e s f e a t u r e s of s t r u c t u r a l h i l l s h a v e b e e n m a p p e d a s h o g b a c k 
s l ope on t h e b a s i s of t h e symmet ry of t h e r i d g e p r o f i l e . 
7 . Hogback : 
It e x h i b i t s n e a r l y s y m m e t r i c a l r i d g e p r o f i l e in t h e 
q u a r t z i t e of Alwar G r o u p . The h o g b a c k r i d g e s a r e c o v e r e d by 
thlclc v e g e t a t i o n h a v i n g d a r k tone a n d c o a r c c t e x t u r e . The 
d r a i n a g e i s e x t e r n a l , t h e f i r s t o r d e r c h a n n e l s h a v e a lmos t same 
l e n g t h of t h e bo th s i d e of s l o p e s of t h e r i d g e . The h o g b a c k 
t o p o g r a p h y h a s b e e n c o n t r o l l e d by s t e e p l y d i p p i n g s t r a t a , wi th 
h i g h r e s i s t a n c e to e r o s i o n . H o g b a c k s a r e c l e a r l y seen s o u t h - w e s t 
of A l w a r , s o u t h - e a s t of A l w a r , n o r t h - e a s t of R a j g a r h e t c . 
8 . Eros iona l Hi l l s and V a l l e y s : 
I s o l a t e d l a n d f o r m s p r o j e c t i n g a b r u p t l y from the 
a l l u v i u m c o n s t i t u t e d i s t i n c t goomorph ic f e a t u r e s , tlioso e r o s i o n a l 
f e a t u r e s a r c d e p e n d e n t upon the l i t h o l o g y of t h e a r e a , e r o s i o n a l 
h i l l s h a v e b e e n d e v e l o p e d on h a r d e r l i t h o l o g y most ly q u a r t z i t e a s 
t h e r e s i s t a n c e to e r o s i o n i s l i i yh , whi le the e r o s i o n a l v a l l e y 
h a v e b e e n d e v e l o p e d on sof te r l i t h o l o g y . These f e a t u r e s c a n b e 
seen i n t h e a r e a w h e r e the r o c k s of Delhi S u p e r g r o u p a r e e x p o s e d . 
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9. Rolling Plain : 
The aeol ian t r a c t in the a rea shows an uneven surface , 
reflecting the f luctuat ions of the aeol ian dynamics . Tho 
accldented slope of the deposi ts have given r a i s e to the rol l ing 
p la in cha rac t e r i s ed by local v a r i a t i o n s in the d r a i n a g e 
d i rec t ions , p a t t e r n s and the t ypes . The l anduse is cha rac t e r i s ed 
by sparse a g r i c u l t u r a l a c t i v i t y , biomass reflect red tone in FCC, 
t ex tu re is matted, human influence is commonly seen a s 
sott lomcnts, r oads , r a l lwnyl inos o tc . 'I'lie rol l ing |3lain bar:, vory 
s h a r p and pronounced boundar ies with the s t u r c t u r a l h i l l s , but 
they show g r a d a t i o n a l contacts with f luvia l landform and 
q u a t e r n a r y depos i t s , the smoothness of the geomorphic surface is 
punc tua ted by the cover of the aeo l ian deposi ts of sandbodies and 
the development of surface d r a i n a g e . 
10. Sand Bodies : 
The sand bodies a r e aeol ian features which have been 
brought to the a rea by wind ac t ion . These geomorphic features 
do not show the di rect ion of wind. The sand reflect two d is t inc t 
i . e . the s t ab i l i zed or older sand exhib i t ing l i gh t yellowish tone 
which may be due to vegeta t ion cover, where as the b r igh t white 
reflection by th i s uni t ind ica te the act ive and fresh sand bodies . 
Tex tura l ly sand bodies reflect uneven t ex tu re and i r r e g u l a r 























•^ 3 _^ _a,. ->^ ^ ^ 3 I 
Z2 SJf^^ JP^""^ El i?^' '^ *^s?* ^ y "ra>. •»;?=* ti ^ 3 c 
^ 59 s 3 .rii?«'==^  X a a L a ^ * ^ s is 
101 
MODILL O F LANDSCAPE EVOLUTION 
General Statement : 
The Yamuna Basin forms p a r t of a much l a r g e r 
I 
s t ruc tu re refer red to a s Ganga Basin (Sengupta , 1962 and Sast r i 
et a l . 1971). The Ganga Basin extends as a more or l ess 
monotonous al luvium filled p la in between Saharsa and Delhi, 
bounded by Delhi - l lardwar r idge in the West and Mongher -
Saharsa r idge in the Eas t . The cen t ra l pa r t of the Ganga Basin 
is cha rac t e r i s ed by a prominent subsurface geophysical fea ture 
genera l ly referred a s Fa izabad r idge and t r a d i t i o n a l l y considered 
a s nor thern extension of l iundelkhand Grani toids massif (F ig . 14) . 
Tectonic Framework of Yamuna Basin : 
The Yamuna Basin is defined by two major c ru s t a l 
g r a i n expressed a s geophysical l ineaments along Delhi - Deoband 
l ine in the West and Gwalior - Kanpur - Fa i zabad l ineament in the 
South (Qureshy, M.N. ) . The sedimentat ion h is tory of the Yamuna 
Basin is controlled by tlie ncotoctonic ac t iv i ty along these two 
major geophysical l ineaments which geological ly are expressed as 
possible sub-sur face fau l t . The c ru s t a l accret ion of the Ind ian 
Pla te post tectonic to Himalayan coll is ion lead to p la te bending 
along Bundoll^hand massif and below the Himalayas along Glwallk 
(sen and sen 1983) . This neotectonic ac t iv i ty has t r iggered 
dynamic changes in the d r a i n a g e morphometry and watershed 
evolution in the Yamuna Basin . 
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F i g . 13 : BOUGUER ANOMALY MAP OF PENINSULAR INDIA 
( M . N . QURESHY ) 
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Quaternary Scdlinciitatloti : 
The b a s i n r e c e i v e d f i l l s from t h e n o r t h e r n a n d s o u t h e r n 
w a t e r s h e d s d u r i n g the Q u a t e r n a r y . The Q u a t e r n a r y s e d i m e n t s 
r e f e r r a b l e to Olde r A l l u v i a l F o r m a t i o n compr i s e g r a y yel low a n d 
b rown c l a y , s i l t , c l a y loam a n d s i l t l o a m . The Newer A l l u v i a l 
wh ich s u c c e e d t h e Older F i l l s a r e c y c l i c s e q u e n c e of b r o w n i s h 
ye l low s i l t a n d g r a y micaceous s a n d . The A l l u v i a l f i l l s which 
c o n t r i b u t e to t h e f i l l i n g of t h e Yamuna B a s i n r e p r e s e n t s the 
e r o d e d so i l c o v e r of the no r t l i o rn H i m a l a y a n w a t e r s h e d a n d 
s o u t h e r n D u n d e l k l i a n d w a t e r s l i c d . The a d m i x t u r e of the two 
p r o v e n a n c e s a r e ^ p r e s e n t i n the c e n t r a l p a r t of t h e Yamuna B a s i n . 
The d e v e l o p m e n t of Recent Yamuna A l l u v i a l F o r m a t i o n i s r e l a t e d 
wi th the e r o s i o n of the e a r l i e r f i l l s a n d s u b s e q u e n t d e p o s i t i o n of 
t h e s u r f i c i a l s a n d y c l a y s a n d s a n d s o v e r the Newer a n d Older 
A l l u v i a l F o r m a t i o n . 
Land Scape Eva lu t ion : 
The m o r p h o t e c t o n i c e x p r e s s i o n of n e o t e c t o n i c a c t i v i t y in 
t h e b a s i n a r e p a l e o d r a i n a g e s a n d a n a m o l i e s i n t h e c h a n n e l 
morpho logy of Yamuna a n d Older d r a i n a g e s y s t e m . 
The t h r e e d r a i n a g e sys tem d e v e l o p e d i n the a r e a a r e 
r e c o g n i s e d a s 11.1, 1)2 a n d 1)3 d r a i n a g e s y s t e m . In doconcllng o r d e r 
of a n t i q u i t y b a s e d on m u t u a l c r o s s c u t t i n g r e l a t i o n s h i p a n d 
s u p e r p o s i t i o n of c h a n n e l m o r p h o l o g y . Which occu r a s f i l led up 
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c h a n n e l s , p a r t i a l l y f i l l ed c h a n n e l s a n d c h a n n e l of p r e s e n t d a y 
d r a i n a g e s y s t e m . The e a r l i e s t d r a i n a g e i s seen a s s c a r s of 
m e a n d e r i n g a n d s l u g g i s h r i v e r sys tem f lowing from South to 
Nor th . The d r a i n a g e occopy a v e r y wide m e a n d e r be l t North of 
Agra wh ich i s p o s s i b l y c o m p a r a b l e wi th t h e p r e s e n t d a y c h a n n e l 
morpho logy of G a n g e s down s t r e a m of P a t n a . T h i s d r a i n a g e 
sys tem h a s b e e n r e f e r r e d a s Dl d r a i n a g e in t h e p r e s e n t s t u d y . 
The a c t i v a t i o n of t h e Delhi - Deoband l i n e a m e n t ( f a u l t ) 
p o s s i b l y l o a d to r i s e in the b a s o l e v e l of e r o s i o n rosu lL lny in the 
e x c e l l e r a t e d I c h a n n e l s e d i m e n t a t i o n . The r e a c t i v a t i o n of t h e 
U u n d o l k h a n d h i y l i l a n d s duo Lo c rusLa i b e n d i n g post LocLonic to tlic 
H i m a l a y a n c o l l i s i o n g e n e r a t e d r e l i e f in t h e Dl flood p l a i n . As a 
r e s u l t of t h i s neo t ec ton i sm t h e s u r f a c e d r a i n a g e became r e c t i l i n e a r 
a n d t h e Dl d r a i n a g e sys t em w a s s u p e r p o s e d o v e r the Dl 
l a n d s c a p e . The c h a n n e l of t h e D2 pos t t e c t o n i c to t h e c r u s t a l 
a r c h i n g e r o d e d to t h e e a r l i e r Dl flood p l a i n a n d c a r v e i t s own 
v a l l e y a n d i t s a c c o m p a n y m o r p h o l o g i c a l l a n d m a r k s . 
The a c c u m u l a t e d s t r e s s e s p o s s i b l y r e a c t i v a t e d the 
De lh i -Deoband f a u l t o f f e r ing effected b a r r i e r to t h e D2 c h a n n e l 
d y n a m i c s a s a r e s u l t the e r o s i o n a l d y n a m i c w a s r e p l a c e d by 
d e p o s i t i o n a l r e a l m m a n i f e s t e d a s p a r t i a l l y f i l led D2 c h a n n e l and 
cutoff m e a n d e r e t c . 
The c o n t i n e n t a l p l a t e a c c r e t i o n in I n d i a n ocean r e g i o n 
g e n e r a t e d u p l i f t in t h e H i m a l a y a s a n d a r e g i o n a l s l o p e s p o s s i b l y 
due to c y n o t o g e n i c a r c h i n g w a s d e v e l o p e d t o w a r d t h e Bay of 
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Bengal . Tliic mountain of Lho relief in tho Quaternary iaTidscapo 
changed the f luv ia l dynamic of Yamuna Bas in . This genera ted a 
new relief and the recent d r a i n a g e system which has been 
referred a s D3 d r a i n a g e . The present Yamuna and i t s t r i b u t a r i e s 
represent the D3 d r a i n a g e . I t is sa id that the Yamuna r ive r was 
p a r t of the Luni d r a i n a g e system through Banganga . The 
LANDSAT da ta ind ica te the Danganga was p a r t of the Yamuna 
Basin flowing of eas t ward and not a t r i b u t a r y of Luni as often 
repor ted 
The compress meandering in the Yamuna val ley 
downstream of Agra is an anamoly which is morphotectonic 
express ion of the neotectonic ac t iva t ion of the Gwalior - Kanpur -
Fa izabad l ineament . The ve r t i ca l tectonics along th i s l ineament 
genera ted local obs t ruc t ion to the f luvia l dynamic of the Yamuna 
va l l ey which s t a r t e d meandering within i t s own flood p l a i n . 
I t will be seen from the above tha t the l andscape 
evolution is r e l a t ed to ha rd rock deformation and c r u s t a l accretion 
in the Ind ian p l a t e , the surface morphology can be used a s 
s i g n a t u r e s of neotectonics in the Yamuna v a l l e y . 
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SUMMARY 
The d i s s e r t a t i o n p r e s e n t s the work c a r r i e d out a s a 
p a r t i a l fu l f i lment of t h e M . P h i l . Remote Sens ing A p p l i c a t i o n s 
p r o g r a m m e . The p r o g r a m m e i n c l u d e s r ev iew of t h e p r i n c i p l e s of 
r emote s e n s i n g , me thodo logy a d o p t e d a n d d i s c r i b e s t h e geo logy 
a n d geomorphology of t h e a r e a . 
1 . The n a t u r e of E l e c t r o m a g n e t i c Spec t rum, i t s componen t , 
a t m o s p h e r i c effect on FMU a n d Atmospher i c Winrlow prp!:.rnt In thn 
a t m o s p h e r e a r e d i s c u s s e d In b r i e f . The v a r i o u s E l e c t r o m a g n e t i c 
b a n d s , S e n s o r s a n d P l a t fo rms which a r e uccd in remote c e n s i n g 
h a v e been d e s c r i b e d i n d e t a i l . 
2 . The methodology a d o p t e d , i n s t r u m e n t a t i o n a n d d a t a 
p r o d u c t s u sed h a v e b e e n d e s c r i b e s t e p w i s e . 
3 . V a r i o u s v i s u a l i n t e r p r e t a t i o n a n d d i g i t a l image 
p r o c e s s i n g t e c h n i q u e a r e a p p l i e d to i m p r o v e i n t e r p r e t a b i l i t y of 
t h e i m a g e . D i g i t a l image p r o c e s s i n g method in c o n j u n c t i o n with 
v i s u a l i n t e r p r e t a t i o n k e y s w i l l h e l p the a n a l y s t to d e l i n e a t e 
I n t r i c a t i n g f e a t u r e s i n a good way in t h e p r e s e n t s t u d y . 
4 . The geo logy of the a r e a h a v e been e x t r a c t e d t h r o u g h 
c o n v e r g e n c e of e v i d e n c e co l l ec t ed t l i rough vl!:.unl nnd d lyU. i l 
a n a l y s i s of p h o t o g r a p h i c a n d g e o t e c h n i c a l e l e m e n t s . The 
l i t h o l o g y w a s i d e n t i f i e d t h r o u g h t h e i n t e r p r e t a t i o n of LAND5AT TM 
d a t a . The s t r a t i g r a p h y w a s worked out wi th t h e h e l p of r e v i e w 
of p r e v i o u s w o r k . The a r e a forms a p a r t of Delhi S u p e r g r o u p , 
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Vlndhyan Suporyroup and Yamuna I'iain of Quaternary a y e . The 
rocks of Alwar Group a r e arenaceous in cha rac t e r , the dominantly 
arenaceous sequence of Alwar Group is followed by a rg i l l ceous 
sequence with subord ina te ca lca reous and arenaceous e l a s t i c s . The 
l i tho-assemblage having dominantly a rg i l l aceous charac te r has 
been inc lude in the Ajabgarh Group. In the Southern p a r t of the 
s tudy a rea where p a r t of Vlndhyan Supergroup rocks a re found. 
The a r e a form a major p a r t of Yamuna P l a i n s . The Alluvial 
deposi ts have been fur ther divided as Older Alluvium, Newer 
Alluvium, Recent Yamuna Alluvium and Eolian cover. The Older 
Alluvium occupies a l a r g e p a r t of the a rea away from flood p la in 
of the Yamuna, the Newer Alluvium occupies the low lying a r ea of 
the Yamuna flood p l a i n . The Recent Yamuna Alluvium occupies 
the present day channe l . A v a s t expanse of aeol ian s i l ic ic 
c las t i c has been mapped in the a r e a . 
5. The geomorphology of the a rea has been in te rpre ted 
through remote sensing t echn iques . The homogenioty of the 
l andscape h a s been punctua ted by the development of the 
s t r u c t u r a l h i l l s and v a l l e y s , pediment zone, ruware , roi l ing p la in 
and surface d r a i n a g e . The aeolian dynamics of the ar id frontier 
h n a pi-ovli l«>il l l i o c l . t ' . l l c CdvtM- I n t h e feu in ul i m i d - iht jeLi ctutl 
dunes . The l andscape of the a r ea h a s also been controlled by 
three d is t inc t flood p l a i n s . Older Alluvial P la in , Newer Alluvial 
F i l l s and recent Yamuna Flood P l a i n . The geomorphic elements 
for the purpose of descr ip t ion has been s tudied in isolat ion from 
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the morphological sequence, which comprise r i ve r t e r r ace s , point 
b a r s , channel ba r s and meander sca r s The d r a i n a g e has been 
s tudied In d e t a i l s , three d r a i n a g e system developed In the a rea 
which are recognised a s D D and D d r a i n a g e system, based 
on mutual cross cut t ing r e l a t i onsh ip and superpos i t ion pf- channel 
morphology occured a s filled up channels p a r t i a l l y filled up 
channels and channel of present day d r a i n a g e system. 
6. During the course of present s tudy attempt has been 
made to s tudy the l andscape evolution of tlio nron. 'I'ho 
sedimentation ac t iv i ty along with subsurface fau l t , because of 
th is ac t iv i ty drnin.igp morphoinotry gotr. nltororl, I.I.TT.III rocolvor. 
the sediments from nor thern and sothern watershed dur ing 
Qua te rna ry , they form cycl ic sequence of Older Alluvium and 
Newer Alluvium sediments derived from the eroded soil of nor thern 
Himalayan watershed and sothern Bundelkhand wate rshed . 
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